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ABSTRACT 
Current economic growth is compromising sustainable development. Among different 
strategies to overcome distinct societal challenges, bioeconomy emerges as a strong narrative 
for Europe. However, perfect solutions are impossible to achieve, and sustainability concerns 
demand for a smart, transparent and integrated bioeconomy to be implemented. Simultaneously, 
blockchain advocates the disruption of systems through a level of transparency and trust never 
demonstrated before. Among many fields where blockchain research is being performed, supply 
chain management is one the most intriguing and innovative. Therefore, this research proposes 
an exploratory study on the integration of blockchain technology in agri-based biomass supply 
chains, in scope of the European strategy for bioeconomy.  
A thorough framing of bioeconomy strategy and sectors provides a perspective on biomass 
value chains, considering supply chain stakeholders, end-consumers and auditing and monitoring 
entities. Blockchain technology is characterized, with special detail in supply chain application, as 
well as limitations and challenges that is currently facing. With the additional support of empirical 
findings, diffusion of innovation theory is used to analyze the level of innovation and adoption 
blockchain is having within the bioeconomy sectors. 
Results show that blockchain presence in the food industry is undeniable. The demand for 
more efficient and effective traceability systems, in addition to consumers demand for 
transparency, makes blockchain an innovation in this sector. Consequently, applications in 
agriculture are also present. Solutions are characterized by multi-stakeholder networks where 
supply chain information is available to designated entities. Information can take the form of 
quantifiable data, but it can also be a digital representation of pre-established certification 
schemes. Both operational and strategic information flow via the blockchain. Different business 
models were identified, and they tend to satisfy the needs of the interested parties. Bio-based 
industries could benefit from blockchain, demonstrating a clear need for platforms that assure 
traceability and transparency. However, the infant nature of this industry requires stakeholders to 
prioritize biotechnology research and products uptake. 
Overall, the integration of blockchain technology in current information systems could 
contribute to improve the performance of biomass supply chains, while satisfying consumer 
demands and contributing to the availability of data for sustainability assessments. In 
collaboration with certification and auditing entities, and support of other ICT, blockchain platforms 
have the potential to increase circularity and cascading of biomass and serve as a data entry 
point for the Bioeconomy Observatory. Thus, improving the environmental and sustainability 
assessments and ultimately provide more accurate insights for policy making. 
 
 
 
Keywords: Bioeconomy, agriculture, food, bio-based, blockchain, supply chain, 
transparency 
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RESUMO 
O crescimento económico atual compromete o desenvolvimento sustentável. Entre as 
várias estratégias que procuram solucionar os desafios globais que a sociedade enfrenta, a 
bioeconomia surge como uma sólida narrativa para a Europa. Contudo, soluções ideais são 
difíceis de alcançar e questões de sustentabilidade exigem a implementação de uma 
bioeconomia integrada, inteligente e transparente. Simultaneamente, blockchain é visto como 
uma tecnologia disruptiva capaz de gerar transparência e confiança, como nunca antes 
demonstrado. De entre as várias áreas de investigação onde a tecnologia é aplicada, a gestão 
de cadeias de abastecimento é uma das mais inovadoras. Portanto, esta dissertação propõe um 
estudo exploratório sobre a integração de tecnologia blockchain em cadeias de abastecimento 
de biomassa com origem agrícola, focando-se na estratégia europeia para a bioeconomia. 
Uma revisão extensa sobre a estratégia e setores da bioeconomia conferem uma 
perspetiva sobre as cadeias de valor de biomassa, considerando os stakeholders da cadeia de 
abastecimento, os consumidores finais e entidades de auditoria e monitorização. A tecnologia 
blockchain é caracterizada, com especial atenção na sua aplicação em cadeias de 
abastecimento. Com o suporte adicional de resultados empíricos, a Diffusion of Innovation 
Theory é utilizada para analisar o nível de inovação e adoção de blockchain nos vários sectores 
da bioeconomia. 
Resultados iniciais demonstram a presença de blockchain na indústria alimentar. A 
procura por sistemas de rastreabilidade mais eficientes e eficazes, para além da pressão dos 
consumidores por cadeias transparentes, faz de blockchain uma inovação neste sector. 
Consequentemente, aplicações no sector agrícola – produção – estão também presentes. As 
soluções são caracterizadas por redes com vários participantes onde informação relativa à 
cadeia de abastecimento está disponível. Tal informação pode ser constituída por dados 
mensuráveis ou uma representação digital de certificados convencionais. Tanto informação 
operacional como estratégica é comunicada via blockchain. Diferentes modelos de negócio 
foram identificados e soluções tendem a satisfazer as necessidades dos elementos interessados. 
A indústria de bio-produtos pode beneficiar da integração de blockchain, considerando que 
demonstra a necessidade para operar através de plataformas que garantam rastreabilidade e 
transparência. No entanto, stakeholders tendem a priorizar o desenvolvimento de biotecnologia 
e a expansão dos mercados, uma vez que é uma indústria ainda recente. 
Globalmente, a integração da tecnologia blockchain nos sistemas de informação atuais 
pode contribuir positivamente para o desempenho das cadeias de abastecimento de biomassa, 
satisfazendo as necessidades dos consumidores e contribuindo para a disponibilidade de 
informação para a avaliação de sustentabilidade. Em colaboração com esquemas de certificação 
e o suporte de outras tecnologias de informação e comunicação, as plataformas blockchain têm 
o potencial de melhorar a circularidade na bioeconomia e servir como um ponto de acesso para 
a recolha de dados ambientais e socioeconómicos. Assim contribuindo para a otimização da 
avaliação de impactes e sustentabilidade, e fornecendo um apoio mais eficaz na esfera política. 
Palavras-chave: bioeconomia, agricultura, indústria alimentar, bio-based, blockchain, 
cadeia de abastecimento, transparência 
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1 INTRODUCTION 
In this chapter, a background is presented to further understand the purpose and questions this 
research aims to address. In 1.2, besides the research questions, the approach undertaken is 
explained reviewing the methods considered. The scope for the research (1.3) is also defined and 
lastly, the thesis outline (1.4) provides an overview about each chapter topics. 
1.1 BACKGROUND 
THE ROLE OF BIOECONOMY IN SUSTAINABLE DEVELOPMENT  
Society has proven the ability to adapt itself to the environment where it is contained while 
maintaining desirable consumption partners. However, inevitable externalities have shown that 
traditional economic models are ineffective when it comes to assure global sustainable development. 
Many solutions have been studied, developed and implemented, by public policy and industrial 
development. Among them, bioeconomy urges both as a trend and a continuously solidifying narrative. 
Based on the process of obtaining renewable biomass and turn it into valuable products, the European 
Union as established a Bioeconomy Strategy that aims at the sustainable intensification of such 
processes (European Commission, 2012). 
The term “bioeconomy” was previously introduced by Nicholas Georgescu-Roegen in the early 
1970s. However, it was used in the context of his work on applying the thermodynamic law of entropy 
to economic processes and recognizing the limited capacity of natural ecosystems – to better 
understand the historical context of bioeconomy, Appendix A reviews the emergence of bioeconomy 
and its evolution until the early 2000s. In the past decades, the rise of international biotech, chemical, 
pharmaceutical and agribusiness companies have increased the biomass demand for non-food 
applications. Thereby leading to unstable markets, in food and energy for instances, with significant 
socio-economic impacts (Wesseler & Drabik, 2016). Today, bioeconomy policies around the world try 
to balance between natural ecosystems, food resources, bio-energy and biotechnology, sometimes 
only being able to develop strategies for certain subdomains. Integrated bioeconomy policies and 
strategies are still rare, nonetheless Europe aims to become a leading player in establishing a 
sustainable strategy (R. Meyer, 2017). 
Among the providing ecosystems of biomass included in the bioeconomy concept, agriculture is 
represented as a key element since it is a heavy producer of biomass, for both food and non-food 
purposes.  EU agriculture has a share of 18% in world food exports, it is expected that with the increase 
in world food demand and uprising demand for biomass for industrial purposes, this European sector 
will suffer a severe pressure that may compromise the resilience of ecosystems and sustainability of 
biomass value chains (Ronzon et al., 2016). Current industries, due to political or social pressure and 
market competitiveness, wish to move towards more sustainable solutions and avoid the use of non-
renewable resources. The shift from a unsustainable fossil-based economy to a bio-based one, is 
already present across industries (BBI-JU, 2018). 
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By depending on the sustainable production of biomass and its efficient allocation, bioeconomy 
can only endure as long as there is a balance between the natural ecosystem and economic growth 
(R. Meyer, 2017). These requisites for a sustainable supply of biomass result in complex and 
interconnected supply chains powered by sustainable agricultural intensification, use of biotechnology, 
and techniques of cascading and circular economy (Mathijs, Brunori, Carus, Griffon, & Last, 2015). To 
achieve overall sustainability, one must understand how to improve biomass supply chains, and be 
able to measure their performance and impact during the life cycle of processes and products. The 
transparent long-term environmental and ecological assessment of bioeconomy initiatives, is stressed 
as a necessity to ensure their true sustainability and to press towards the development of a circular 
economy (Székács, 2017). Monitoring strategies should integrate a systems framework that reflects 
the complexity of relationships and processes, and its interlinkages with the environment. Being able 
to deliver policy relevant results while maintaining full transparency (O’Brien, Wechsler, Bringezu, & 
Schaldach, 2017). 
TRACEABILITY AND TRANSPARENCY AS KEY STEPS TO SUSTAINABILITY 
Interorganizational supply chains, such as food and bio-based products, tend to function on 
fragmented information systems that hinder the efficiency of the whole supply chain. Sustainability of 
these supply chains, performance and strategic wise, is threaten by the diversity of players and lack of 
trust or partnerships (Francisco & Swanson, 2018). Associations, consortiums and industrial clusters 
are solutions that promote compliance towards a common goal, however its impact is geographically 
limited, it depends on third parties and it can easily compromise companies’ privacy requirements. The 
ability to track and trace products is fundamental to comprehensive supply chain management. 
Traceability affects supply chain efficiency, product safety and security, managing deep tier risks, on-
time delivery performance, troubleshooting customer issues, controlling costs, and regulatory 
compliance (Bateman, 2015).  
Multi-stakeholder industries such as agriculture and most manufacturing are associated with 
inherent uncertainty that makes it difficult to acquire data at all stages of the supply chain. Therefore, 
several traceability frameworks exist to develop credible and robust chain of custody standards and 
certification products along the supply chain (Bosona & Gebresenbet, 2013; Francisco & Swanson, 
2018). However, there are questions as to the ‘authenticity’ of this approach. The authenticity of the 
message that is being communicated to consumers, regarding product specifications, is still poorly 
secured (Kirwan, Maye, & Brunori, 2017). Growing pressure from governments and consumers 
regarding sustainability goals, also encourage companies and industries to assure effective supply 
chain traceability systems (Bateman, 2015). Because implementing these processes becomes costly, 
companies tend to comply with minimum requirements or simply not prioritize it.  
Effective traceability systems reinforce a maximum level of coordination between different 
partners of supply chains. On the contrary, lack of coordination and inaccuracy of shared information 
cause inefficiency in SCM. Information delay, divergent interests and opportunistic behaviour of some 
actors, and information asymmetry across the supply chain affect the quality of shared information 
(Bosona & Gebresenbet, 2013). According to Canavari et al. (2010), the traceability information can 
be classified as “strategic” information (information on product quality, social and environmental ethics, 
service level) and “operational” information (information on legal requirement, hygienic-sanitary 
safety). Recognizing the difficulty to develop a common traceability information flow model fitting all 
circumstances in the supply chain, the better performance of a traceability system can be explain in 
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terms of its breadth, depth, precision, and access to (the collected, stored and transmitted) data and 
information (McEntire et al., 2010). 
Once there is an agreement on the data that should be collected, it is important not only to 
address internal traceability, but also external or chain traceability. Chain traceability requires effective 
information connectivity between the information systems of partners in the supply chain. Clear 
connections between internal and chain traceability data enable to achieve fastest and precise tracing 
activities (Caridi, Moretto, Perego, & Tumino, 2014). In order to address this, contemporary researches 
focus on developing effective information connectivity with aid of advanced information technology 
(Azuara, Tornos, & Salazar, 2012; Salampasis, Tektonidis, & Kalogianni, 2012; Solér, Bergström, & 
Shanahan, 2010). Advances in information systems technology enable supply chain partners to work 
in close coordination and optimize performance across the entire supply chain, especially when dealing 
with real-time data. On the assumption that relevant information is visible to participants involved in a 
particular transaction (Lee, Kim, & Kim, 2014). Effectiveness of information sharing refers to how 
information brings new value to customers and supply chain actors in terms of services, decision 
making, visibility and prediction. The key capability is to deliver the right information to the right people 
at the right time for decision-making purposes (Korpela, Hallikas, & Dahlberg, 2017). 
Visibility can also be perceived as transparency. Whereas traceability guarantees the 
implementation and execution of procedures to track and trace goods or activities, transparency 
describes the accessibility to any kind of information by any designated stakeholder of the supply chain 
(Francisco & Swanson, 2018). Better transparency is a key pre-condition for better supply chain 
governance, meaning that such a framework also needs to facilitate the uptake and use of 
transparency information to foster fairer and more effective accountability. Subsequently, it needs to 
identify the additional factors that are necessary to deliver practical advances in land-use and supply 
chain sustainability (Flach et al., 2016). When establishing interorganizational systems it is useful to 
understand how different partners perceive these cooperative relationships. For instances, there are 
many important decisions regarding its implementation (e.g., IS compatibilities, network protocols, 
securities, etc.) that affect both parties in terms of costs and strategies (Lee et al., 2014). 
It is important to integrate supply chain practices with IT decisions in operations/supply chain 
management. Many researchers have suggested that the key to the seamless supply chain is making 
available undistorted and up-to-date marketing data at every node within the supply chain. Information 
quality includes such aspects as the accuracy, timeliness, adequacy, and credibility of information 
exchanged (Faisal & Talib, 2016). This evolution has been promoting the digitalization of supply chains. 
Therefore, the concept of digital supply chain is characterized by the strategic and operative exchange 
of information between suppliers (financial, production, design, research, and/or competition) to 
enhance communication between actors in the chain. In general, interorganizational coordination is 
achieved by means of electronic links between information systems, and infrastructures often include 
a computing platform, communication networks, critical shared data, and core data processing 
applications (Faisal & Talib, 2016). 
A flexible IT infrastructure provides the platform that can help firms exchange knowledge, align 
processes, and achieve operation flexibilities. For example, enabling automated and digitalized 
processing of source-to-pay processes involving suppliers and customers in the supply chain. 
Integrated supply chain information models are essential in modern digital supply chains, and the role 
of information integration and service automation has been identified as an important business driver 
(Korpela et al., 2017). Information and communication are also considered key features of social 
performance, from the market perspective. It is done by exposing transparency regarding producers, 
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mainly, and potentially influencing the market through consumer awareness. From the consumer’s 
point of view, the notion of connectivity, proximity and nearness are used to demonstrate that products 
involved are qualitatively different from those that come from anonymous and disconnected global food 
chains (Kirwan et al., 2017). 
THE DISRUPTIVE NATURE OF BLOCKCHAIN TECHNOLOGY 
Blockchain is a decentralized transaction and data management technology developed first for 
Bitcoin cryptocurrency (Nakamoto, 2008). The interest in blockchain technology has been increasing 
since its inception in 2008. The reason for that is blockchain’s core attributes to provide security, 
anonymity and data integrity without any third-party organization in control of the transactions. As 
result, it creates interesting research areas, especially from the perspective of technical challenges 
and limitations (Yli-Huumo, Ko, Choi, Park, & Smolander, 2016). Being a public ledger, prevents its 
participants of modifying or deleting any data that has been approved by all nodes. Data integrity is 
one of the main reasons why the use of blockchain extends also to other services and applications 
(Swan, 2015).  
Blockchain is being hyped as the biggest disruptor to industries since the introduction of the 
internet and a major innovation in computer science (Tapscott & Tapscott, 2016). According to 
Gartner’s Hype Cycle, Digital Platforms are rapidly moving up, illustrating the new IT realities that are 
possible by providing the underlining platforms that will fuel the future. Next to Quantum Computing, is 
expected that Blockchain will create the most transformative impacts in the next five to ten years. 
These megatrends illustrate that the more organizations are able to make technology an integral part 
of employees', partners' and customers' experiences, the more they will be able to connect their 
ecosystems to platforms in new and dynamic ways (Walker, 2017). The blockchain concept is 
continuously gaining traction because it offers a substantial promise to rethink the way inter-
organizational business processes are managed and how industry operating models could evolve 
(Mendling et al., 2017).  
Multiple business use cases are yet to be proved, however the initial hype in financial services 
has created a all ecosystem of innovation and entrepreneurship around blockchain-related start-ups 
and services. The amount of venture capital fundraising for Blockchain-based companies in late-
February 2018 reached more than 40 percent compared to the previous year. In 2017 was reached 
the record for venture investment, representing more than USD 900 million (Zuckerman, 2018). Many 
of the applications have focused on other industries such as insurance, government, healthcare, supply 
chain management (SCM) and Internet of Things (Iot) (Manav Gupta, 2017; Tama, Kweka, Park, & 
Rhee, 2017). It can also be applied to other types of uses, for instances, to create an environment for 
digital contracts and peer-to-peer data sharing in a cloud service (Swan, 2015). When moving towards 
Industry 4.0 and ‘smart manufacturing’, blockchain is also perceived as a key technology to attain the 
circumstance of decentralization and self-regulation of networks (Tama et al., 2017). 
A key trend that has emerged in the blockchain arena has been the development of 
sophisticated applications to manage supply chains. Companies foresee the potential to deliver real 
return on investment (ROI) at the early stage of blockchain development (Banker, 2016). By improving 
security of both forward and backward linkages in supply chains – through public availability – it can 
possibly be an effective tool to trace back every product to the origin of the raw materials. Contrary to 
current practices, blockchain is suitable to effectively address traceability concerns in complex 
workflows. An application is that blockchain can be used to register time, location, price, parties 
involved, and other relevant information when an item changes ownership. It can also be used to track 
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raw materials as they move through the supply chain, are transformed into (e.g.) circuit boards and 
electronic components, are integrated into products, and then sold to customers. Providing a detailed 
picture of products’ lifecycle, could make it easier to track progress in addressing vulnerabilities and 
security problems (Kshetri, 2017). 
Blockchain facilitates valid and effective measurement of outcomes and performance of key 
SCM processes, namely sustainability. Once the inputs tracking data are on a blockchain ledger, they 
are immutable and available to designated participants. This way, blockchain promotes trust among 
suppliers and reduces the need for third-parties (Kshetri, 2018). Not only that, but transparency can 
be extended to consumers who increasingly demand more information about the products they 
acquire. Traditional supply chain information technology made this requirement nearly impossible to 
achieve or simply not cost effective. With blockchain, supply chain managers can selectively disclose 
information across the whole value chain and thus contribute to their companies’ competitive 
advantages (Francisco & Swanson, 2018). 
PURPOSE AND POTENTIAL OUTCOME OF THIS RESEARCH 
The possible use of blockchain technology to contribute for more transparent biomass supply 
chains, increases the successful development o bioeconomy. Both fields are quite recent, with the 
remark that bioeconomy only received political attention in past years and blockchain is still far from 
achieving the plateau of productivity. The interaction between both topics is still untapped, only 
referenced in the same literature when authors are discussing sustainable transformation in systems 
and society (Braun, Gulati, & Kharas, 2017; Visser, 2018). 
Due to the absence of research within this field, this study aims to explore and understand, if 
blockchain is capable of being an innovative technology for the development of the European 
bioeconomy, from policy and markets perspectives. Which means that, if it shows relevant utility for 
markets and supply chain operations, then, due to blockchain properties, it might serve as an effective 
auditing tool. Capable of being used to gather data and create meaningful information regarding the 
sustainability of the bioeconomy.  
This study attempts to pioneer the research regarding blockchain technology and its involvement 
within the bioeconomy. It is known that blockchain applications are already being deployed in some of 
bioeconomy sectors, however, it is done in a very narrow way, where the policy framework, or even 
the wide concept of bioeconomy, are not included. Therefore, by conducting research on the diffusion, 
implementation or evaluation of blockchain technology in the bioeconomy, this study might provide a 
broader picture about the current panorama of such implementations, and possible outcomes of this 
infant relationship. 
1.2 RESEARCH QUESTIONS & APPROACH 
When research aims to gain familiarity with a phenomenon or to acquire new insight into it in 
order to formulate a more precise problem or to develop a hypothesis, exploratory research shows to 
be an effective approach (Saunders, Lewis, & Thornhill, 2008). This type of research is conducted to 
address a problem that has not been studied more clearly, and intends to establish priorities, develop 
operational definitions and improve the final research design. Exploratory research helps determine 
the best research design, data-collection method and selection of subjects, under the circumstances 
of a new topic or issue where data is difficult to collect. Furthermore, it is considered to be a flexible 
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approach that can address research questions of all types (why, how, what) (Shields & Rangarajan, 
2013). 
In sum, the objective of exploratory research is to gather preliminary information that will help 
define problems and suggest hypotheses. The involvement, implementation and potential benefits of 
blockchain in the bioeconomy, fits the need for an exploratory study, since it is a yet to be addressed 
topic. 
Upon defining the motive of this thesis, a series of literature reviews and interviews were put into 
practice, with the purpose of gaining an in-depth perspective of the state of the art and correlation 
regarding both topics: bioeconomy and blockchain. As result of the novelty of both topics, several 
sources and types of literature were considered when approaching literature review. Besides scientific 
papers as the core of the literature review, policy reports, conference proceedings and generic on-line 
information were taken into account when searching for a possible scope. Social media and video 
content were also part of the research since it is a very efficient method to locate and follow relevant 
players and acquire knowledge more effectively.  
In parallel, a set of interviews was performed with experts from distinct fields, amongst them 
bioeconomy, blockchain technology, corporate sustainability, supply chain management, biomass 
supply chains, bio-based products and bio-based raw materials. From a global perspective, a multiple 
background scope was designed to include academia, industry and business elements, for both 
literature review and interviews. The interviews were conducted with the goal of gaining validity on the, 
then on-going, research. As result, the interviews had two distinct phases, the first when individually 
discussing the topics’ fundamentals, and the second when discussing the insights and connections 
established thus far. 
 
Figure 1.1 - Representation of the research approach and subconsequent research questions. 
The research questions drawn from the iterative process of reviews and interviews, are 
presented in Figure 1.1. A broader question is stated as a way of understanding the current and 
potential value of blockchain, by being an innovative tool aligned with the European bioeconomy 
strategy. To fulfil the need of this research, about studying the utility of blockchain and further 
availability of meaningful information, two complementary questions are stated. The way blockchain, 
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factually and potentially, contributes to operations in supply chains, and the impact that it may have on 
monitoring and sustainability strategies, constitutes the meaning of these questions. 
After defining the research questions that are capable of adding new knowledge and materials 
to this research field, different methods and theories were investigated. Each method was supported 
by a literature review and a conceptual methodological structure to generate meaningful results and 
discussions. Three iterations were made, till the selected method was demarcated. The three methods 
considered are presented below, followed by a more detailed review:  
1) Design Science Research Methodology (DSRM): the design of a functioning artefact in order 
to solve a specific problem; 
2) Technological Innovation Systems (TIS): the analyses of the development of a particular 
technological field in in terms of the structures and networks established; 
3) Diffusion of Innovation: the analyses of the adoption of a new practice or solution which 
outperforms the current solutions. 
Considering the hypotheses of designing the architecture of a system where blockchain could 
be address the research purpose, Design Science Research Methodology (1) was studied for possible 
application. Design oriented research focuses on building purposeful artefacts that address heretofore 
unsolved problems and are evaluated with respect to the utility provided in solving those problems. 
The DSRM process includes six steps: problem identification and motivation, definition of the 
objectives for a solution, design and development, demonstration, evaluation, and communication. The 
‘utility’, quality’ and ‘efficacy’ of the artefact must be rigorously evaluated, and a verifiable contribution 
drawn from existing theories and knowledge, must be presented in the form of a solution to a defined 
problem. Finally, the research must be effectively communicated to appropriate audiences, so that 
feedback can be collected, and an iterative process may begin (Peffers, Tuunanen, Rothenberger, & 
Chatterjee, 2007). 
According to the exploratory character of this research, and recognizing the lack of knowledge 
in computer sciences, the idea of developing an artefact that would satisfy the needs of this research, 
was dropped. Furthermore, considering the wide scope applied, it was difficult to sum up all the 
problems that were identified, and compiled them into a singular well-defined problem that could be 
address by an effective artefact.  
Taking a systemic approach, with a perspective of a technology being integrated into an already 
existing system, a Technological Innovation Systems (2) methodology was investigated. This theory 
perceives TIS as “...a network or networks of agents interacting in a specific technology area under a 
particular institutional infrastructure to generate, diffuse, and utilise” (Hekkert & Negro, 2009). The 
purpose of analysing a Technological Innovation System, is to analyse and evaluate the development 
of a particular technological field in terms of the structures and processes that support or hamper it 
(Markard, Hekkert, & Jacobsson, 2015). An analysis of structures typically yields insight into systemic 
features - complementarities and conflicts - that constitute drivers and barriers for technology diffusion 
at a certain moment or within a given period in time (Suurs, Hekkert, Kieboom, & Smits, 2010).  
Both topics under the reach of this study, show evidence of an already exiting innovation system 
in each field (bioeconomy and blockchain, respectively). When defining blockchain as the technology 
being shaped and diffused, in the structures and interactions of bioeconomy, TIS may provide an 
analysis framework, capable of generating meaningful insights for discussion. Conversely to the 
author’s first impression, by applying the seven functions of analysis (Table 1.1), in addition to the 
fundamentals behinds this theory, the research progress is compromised.  
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Table 1.1 - Functions of technological innovation systems (Suurs & Hekkert, 2009). 
 
Due to the absence of structures and networks (defined by theory), and the lack of available 
information, it turns impossible the task of performing the supposed analysis. TIS literature stresses 
that emerging technologies need to pass through a formative stage before they can be subjected to a 
market environment (Markard et al., 2015). Blockchain emergent presence in bioeconomy sectors, 
may have not yet reached the point of being in line with a TIS. During this formative stage, market 
diffusion is typically absent or insignificant, but actors are drawn in and technologies and institutions 
are designed and adjusted. In short, structures are shaped that, positively or negatively, influence the 
emerging technology. 
In spite of the significant absence of well-structured networks, blockchain can still be seen as 
technology that is present in bioeconomy, with considerable potential benefits. This argument, supports 
a hypothesis about considering Diffusion of Innovation (3) theory. The emphasise of the theory is to 
explain the reasoning, regarding how and why, and in what rate new ideas and technologies are spread 
through communication and adopted by society (Rogers, 2003).  
Diffusion of innovation presents a framework of the characteristics of innovation, evaluating the 
potential of identifying a new phenomenon or technology as an innovation. The characteristics that are 
involved are relative advantage, compatibility, complexity, trialability and observability. These factors 
evaluate current practice against the new idea to see what differences, beneficial or not, can be found. 
It is common for an innovation to generate novel needs resulting in the development of new dimensions 
of the innovation, which correspond to changes in the surrounding environment (Les Robinson, 2009). 
1.3 SCOPE OF THIS RESEARCH 
Since the research is considering two broad themes that represent several distinct, although 
interconnected topics, a scope was applied immediately after the initial research phase. Therefore, 
regarding the theme of bioeconomy, only the agriculture sector will be considered. Forest and water 
ecosystems will be excluded. This decision might compromise the overall notion of bioeconomy, 
nevertheless since the food industry and bio-based industries will be addressed, the idea of 
bioeconomy maintains – focusing in the agri-sector. Such approach can also provide higher quality 
insights regarding bioeconomy and blockchain, through the perspective of the agricultural systems. 
Hence the title and scope definition for the research. 
Considering that the initial research revealed supply chain management (SCM) to be the best 
approach towards the relation between both topics, every other blockchain application was excluded. 
Most of blockchain literature will be based on its supply chain applications. As result of blockchain’s 
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innovation on transparency and traceability, so does the research around bioeconomy sectors will be 
performed equally. 
Maintaining the research questions as reference, bioeconomy supply chains will be mostly 
explored through the lens of transparency and traceability in order to facilitate the understanding of the 
relationship between the themes under the scope of this exploratory study. 
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1.4 THESIS OUTLINE 
1. Introduction 
Introduces the motivation underpinning this research. Provides an overview on the topics to be 
addressed, so that potential benefits may be recognize by the reader. Research questions are stated, 
along with the approach that imposed the research boundaries. 
2. Methodology 
The methodological structure that was executed is presented in this chapter, explaining in detail 
the choice of material for analysis, the purpose of interviews and structure of the case studies. 
Additionally, it presents a reflection on the analytical framework. 
3. Frame of reference 
A literature review is conducted on the themes of bioeconomy and blockchain. The first aims to 
understand the current political agenda, key characteristics of biomass value chains and the main 
strategies on monitoring, from an overall sustainability perspective. As for blockchain, pertinent 
technical features and applications are presented, namely concerning supply chain management. 
4. Empirical findings 
Cases studies are presented in the form of empirical evidence, demonstrating the presence of 
blockchain technology in specific fields of the bioeconomy.  
5. Analysis 
Through a defined frame of analysis, the elements from the frame of reference are 
complemented with the empirical findings, consequently generating enough material for analysis, and 
subsequent discussion. 
6. Discussion & Conclusion  
Research questions are answered based on the insights from the analysis, providing both a 
review and a critical examination upon the research progress. Moreover, implications for the current 
and future state of bioeconomy and blockchain are stated, along with a reflection of the research 
process. 
 
11 
2 METHODOLOGY 
This chapter includes the methodological structure that was adopted in to fulfil the research needs, 
followed by the clarification of the methods to accomplish the proposed structure. A detailed 
perspective is given on the process of literature review (2.2), interviews (2.3), case studies (2.4) and 
the analytical framework (2.5) supporting the discussion. 
2.1 METHODOLOGICAL STRUCTURE 
 
Figure 2.1 - Roadmap of the methodological structure adopted for this research. 
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Adopting Diffusion of Innovation as the framework of analysis, the methodological structure 
delimited for this study is presented above (Figure 2.1). With the intention of attaining knowledge useful 
for discussion towards the relation of blockchain technology with the European policy panorama, 
Diffusion of Innovation will be used to analyse the adoption and potential benefits of introducing 
blockchain to biomass supply chains and its application concerning monitoring strategies. And further 
discuss its implications in the European scope. The analysis includes two distinct objects, frame of 
reference and empirical findings. The frame of reference provides a review on the current state of 
practices of bioeconomy, elucidating its structure, needs and gaps. As well as a review on blockchain’s 
properties. The empirical findings will be compared against the frame of reference, thus creating an 
opportunity to evaluate its benefits and potential development.  
In this case, the frame of reference will try to understand biomass supply chains’ traceability and 
transparency drivers, along with gaps and needs regarding information systems, with sustainable 
supply chain management as backbone. Moreover, gives a review on monitoring and sustainability 
strategies, identifying indicators and possible gaps in information (using two distinct methods as 
reference). All of the above are supported by the European strategy for bioeconomy, thus satisfying 
the need of this research. Regarding blockchain, a review of its application in supply chain 
management will also serve as reference, along limitations and challenges, to realise the full potential 
of this technology within this field. Empirical findings will result of a showcase, where each case study 
demonstrates the involvement of blockchain with the sectors of bioeconomy. Further details of this 
method are presented in chapter 2.4. 
The structure which was adopted, reaches to each of the fields under the scope of this study 
and concludes with an analysis on the interaction between them. Thus, the possibility to give a proper 
discussion about the implications of blockchain technology, regarding operations, monitoring and 
strategy for the bioeconomy.  
2.2 NARRATIVE LITERATURE REVIEW 
In the process of developing a potential research area, it is beneficial to conduct an exploratory 
literature review for the purpose of gaining enough knowledge to enable identification or discovery of 
possible gaps within a specific research topic and its related wider subject area. Consequently, it 
enables to sharpen, focus and identify the research questions (Shields & Rangarajan, 2013). The 
review of relevant literature generated broader knowledge in the selected research field, according to 
the stage of the research literature review proved to be essential for the statement of research 
questions and definition of the frame of reference. Thus, enabling an insightful analysis.  
Collected literature consists of published academic articles, due to their integrity and recognized 
value within the scientific community. In addition, grey literature was selected as reinforcement for the 
frame of reference. In this research, it includes: policy reports, committee reports, conference 
proceedings, business reports, white papers, websites, dissertations, periodicals and books. The 
material was scouted on the Web of Science, Google Scholar and general search engines, during the 
period from January 2017 to February 2018. 
Due to the exploratory properties of this research, literature review was a continuum process 
that allowed to clarify the research questions and structure the frame of reference. Therefore, new 
topics and matters that were relevant to be addressed, kept adding on to the already semi-defined 
framework. Which means that key words considered for the search process, were also changing or 
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adding on. The literature researched and found, was managed according to the needs of the research, 
just has the way key words were combined to search for literature. Hereby are some of the key words 
used during the procedure: bioeconomy, bio-based economy, agriculture, biomass, food, agri-food, 
bio-based products, supply/value chain, supply chain management, sustainable supply chain 
management, monitoring, traceability, transparency, visibility, information systems, ICT, blockchain. 
Again, multiple combinations were considered depending on the direction endorsed by the purpose of 
this research. 
During the selection of relevant research material, the purpose of the thesis and research 
questions were taken into consideration. With the help of tools such as Mendeley and MS Excel, useful 
sources were then categorized according to their relevance to the scope, which eased the writing 
process and made it easier to navigate between articles.  
When considering the number of hits and suitable articles it is reasonable to conclude that the 
academic research field has a non-existing discussion involving blockchain, supply chain transparency 
and bioeconomy. Having this in mind, the research questions for this thesis have been constructed 
with the intention to explore the potential in this research field and potentially contribute to reducing 
scientific gaps or inspiring new and innovative approaches. 
In addition to the written material gathered through a conventional method, a wider approach to 
gain insights was taken. Due to the fast-paced growth in technological development and diffusion of 
information regarding the topics under scrutiny, web resources were used to facilitate the 
understanding of complex themes and have access to near real-time data. Consequently, social media 
networks (Chae, 2015), newsletters and video databases (Adami, 2009) were considered platforms 
capable of supporting, and complementing, the ever-growing research material. Such approach 
allowed the research to consider changes in the current marketplace, innovative enterprise solutions 
and mapping of relevant actors in the fields of bioeconomy and blockchain. This type of research was 
conducted during the whole process of elaboration of the dissertation (until January 2018), screening 
the information along with the development of the research. 
Regarding social media networks, Twitter was used as a tool that is able to track and keep 
record of posts and publications from relevant actors within the academical, industrial and business 
fields. To build a network of significant follows, the same key words used to search for scientific 
literature, were introduced in Twitter’s research engine with the prefix #. As regards to bioeconomy, 
Twitter enabled the mapping of key players, real-time notifications about the release of reports and 
other documents, and to follow the latest developments in technology and business activities. Among 
the accounts that were followed during the research period, were included governmental institutions, 
work groups, associations, experts, bio-based enterprises and social media. Concerning blockchain, 
Twitter was crucial to stay on top of the latest trends and innovations in the blockchain ecosystem. The 
research included accounts of developers, product development leading companies and relatable ICO 
projects. 
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Table 2.1 - List of accounts followed on Twitter, separated by the fields of bioeconomy (green), blockchain (blue) 
and others (grey). 
Videos in this study have been visualised on YouTube and on IBM and Microsoft’s websites, in 
blockchain dedicated sections. The videos were screened in an attempt to understand complex 
phenomenon, such as blockchain and its functions, as well as bioeconomy development around 
Europe and globally. Video content gathers information about international conferences, explanations 
by experts on specific topics and simple infographic clarifications. Videos were visualized at least once 
or skipped to relevant parts. Hereby follows the sources: 
• YouTube – the list of videos that were screened is compiled in the following playlist: 
https://www.youtube.com/playlist?list=PLCIMXlLg5gUQJI1ecehUv52gCHCx1oDrm  
• IBM – the full length of a two-part webinar provided by IBM Blockchain experts was 
visualised:  https://www.ibm.com/blockchain/news-and-events/webinars/  
NAME ACCOUNT NAME ACCOUNT 
Adrian Higson @biobasedchem EuropaBio @EuropaBio 
AGRIFORVALOR @AgriForValor European Bioeconomy @biostep_project 
BBI JU @BBI2020 European Forest Institute @europeanforest 
Bio-Based Industries @biconsortium GermanBioeconomy @OfficeBECouncil 
BioBased Economy @BioBasedEconomy IL Bioeconomista @bioeconomista 
Biobased Press @biobasedpress IndustrialBiotech_EU @IndBiotechEU 
BIOKET Conference @BIOKETech Joanna Dupont Inglis @joannadupont 
Bioeconomy Alliance @EUBioeconomy John Bell @bellser48 
Bioeconomy PLATFORM @PLATFORMOffice Metabolic @metabolicHQ 
BLC3 @campusblc3 NNFCC @NNFCC 
CEPI @CEPI_Paper Novamont @Novamont 
Circular Bioeconomy @bioeconcircular Wageningen UR @WageningenUR 
Andreas Antonopoulos @aantonop Hyperledger @Hyperledger 
BitcoinAgile @bitcoinagile IBM Blockchain @IBMBlockchain 
BlockchainUniversity @blockchainU Jessi Baker @jessibaker 
Blockstream @Blockstream MultiChain @CoinSciences 
Chainsmiths @Chainsmiths Provenance @ProvenanceHQ 
Coinbase @coinbase Rubix by Deloitte @RubixByDeloitte 
CoinDesk @coindesk Sebastian Meunier @sbmeunier 
CoinTelegraph Europe @CoinTelegraphEU Scorechain @scorechain 
Don Tapscott @dtapscott Transparancy-One @transparencyone 
Factom @factom Vitalik Buterin @VitalikButerin 
BHB Network @BHBnetwork Ellen MacArthur Fdn. @circulareconomy 
Circular IT Economy @circleITeconomy IBM @IBM 
Circular Economy @circecon Intel IoT @Inteliot 
Circulate News @circulatenews IoT Consortium @iotconsortium 
Climate-KIC @ClimateKIC UN Environment @UNEP 
EIT @EITeu UM Sustainable Dev. @SustDev 
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• Microsoft Virtual Academy – the first three modules were visualized, which includes 
“Distributed Ledgers 101”, “Smart Contracts Explained”  and “ Decentralized Applications 
and Architecture”: https://mva.microsoft.com/en-us/training-courses/microsoft-blockchain-
as-a-service-17104?l=nbLjkM3SD_6206218965 
• SupplyChainBrain – Bob Bowman, managing editor of SupplyChainBrain, interviews Jack 
Shaw, executive director of the American Blockchain Council: 
http://www.supplychainbrain.com/single-article-page/article/what-blockchain-means-to-
supply-chain/  
2.3 SEMI-STRUCTURED INTERVIEWS 
A semi-structured approach is adopted in the realisation of the interview. The chosen method 
allows the researcher the opportunity to develop a broader understanding for the subject by 
observation and presenting questions in a more causal manner. A semi-instructed interview is based 
on prepared questions, but gives the interviewer the ability to ask additional questions when it is 
considered appropriate (Olsson & Jeppsson, 2017). 
To each of the meetings scheduled with the experts from key areas of expertise, an interview 
guide was prepared in order to convey the knowledge of the interviewees with the purpose of the 
research. Several questions were elaborated to specifically fill or confirm gaps that were identified in 
the process and results of data collection. However, these sessions were approached with a mind-set 
of creating open-ended questions to generate more of a discussion. Thus, providing the informant the 
freedom to express their views in regard to the topic. 
All of the meetings were conducted in-person (except two), in different places and with different 
time durations. Considering the broad spectrum of this research, about ten distinct interviews were 
conducted, reaching out the topics of bioeconomy blockchain, and respective branches. As the 
research field can be described as unexplored or very limited, it had been difficult to establish contact 
with individuals in possession of the required expertise and knowledge. Therefore, some interviews 
were considered individually, and the information collected was thought through to establish coherent 
connections among the different topics. Whereas, the rest of the interviews intended to validate the 
connections themselves. 
Amongst the interviewees, different backgrounds were considered in order to increase the 
contribution towards the broad scope of this investigation. Therefore, having bioeconomy and 
blockchain as main topics, business, industry and academia were used as a frame to triangulate 
potential candidates. Experts from different fields (e.g. engineering, innovation) were reached, 
involving the universities of Faculdade de Ciências e Tecnologia, Instituto Superior Técnico and 
Utrecht University. Associations such as BLC3 and Business Council for Sustainable Development, 
Portugal (BCSD) were contacted to understand the impact and development of bioeconomy in 
businesses. Furthermore, a short interview was performed to Metabolic and Provenance, due to their 
direct involvement in bioeconomy solutions and blockchain application, respectively. Fibrenamics and 
Simoldes were part of a previous investigation regarding the current development of natural fibres and 
their application in the automotive industry. Lastly, an expert from YDreams was used as the key 
contact for blockchain technology. 
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2.4 CASE STUDY 
A multiple case study was conducted when approaching the topic of this thesis. The empirical 
data is based on four case studies which recognize the value of blockchain according to the criteria 
illustrated in Figure 2.2. The choice of this method is founded in case studies’ ability to investigate and 
describe a phenomenon in its real context that in turn can generate, test and develop theory (Yin, 
2009). Enabling the construction of deeper understanding of the dynamics within a specific context, 
which is the case is: when extracting the knowledge of blockchain from the finance sector and 
evaluating its potential in the bioeconomy sectors, through supply chain applications. The method is 
an appropriate approach when considering the purpose of this thesis, of exploring the potential 
application of blockchain in the bioeconomy, and clarifying the complexity of the research field. 
In order to showcase a group of case studies capable of representing the wide scope of 
bioeconomy, three different areas, based on literature review, were selected to conduct the case 
studies: ‘Agriculture’, ‘Food Industry’ and ‘Bio-based Industries’. Upon screening and selecting the 
findings, another area was added: ‘Crosswise solutions’; since the company used as case study has 
a solution that actively reaches different sectors of the bioeconomy. Besides the sectors of the 
bioeconomy as criteria, it was also considered what type of impact blockchain has on the object of 
study, regarding the creation of value for the business itself (operational level) or the capacity to 
enhance monitoring schemes. The drivers of such implementation were also taking into account, 
defining as business or consumer driven. Despite the idea that every business is consumer driven; 
without consumer there’s no business. Business driven are exclusively related to business operations, 
whereas consumer driven solutions show primarily care with the consumer. 
 
Figure 2.2 - Validation criteria for case study selection, defined in accordance with bioeconomy sectors. 
The case study corresponds to a qualitative approach to the research, with data collection 
consisting of primary and secondary data in the form of: peer-reviewed articles, white papers and 
media broadcast. These elements were selected due to their relevance and coherence with the 
validation criteria. The information was first reviewed, and then the context was identified, followed by 
the strategy proposed, its potential business implications and outcomes. The cases that were selected 
are composed by (1) a scientific article, (2) a partnership established between a large retailer and a 
big IT company, (3) a possible partnership between a supply chain facilitator and a big IT company, 
and (4) a showcase of successful implementations by a small, blockchain focused, IT company. 
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Although a case study approach may be considered a “soft” method, authors recognize it to be 
appropriated in situations where there is inadequate theory (Bryman & Bell, 2015), which is the case 
about the integration of blockchain in the European bioeconomy. Contrary to the selected single case 
study approach, multiple case studies are considered to be superior in presenting compelling evidence 
and generating robust results (Yin, 2009). However, the results are strengthened by the analysis of a 
case study related to each of the sectors of the bioeconomy, concerning different backgrounds and 
purposes. Which aligns with the exploratory nature of this study in understanding the overall panorama 
of blockchain in the bioeconomy. For further discussion towards the European bioeconomy.  
2.5 ANALYTICAL FRAMEWORK 
In development of the analysis a part of the diffusion of innovation theory by Rogers (2003) will 
be used as a reference in the identification of blockchain as an innovation within the sectors of 
bioeconomy. The factors that are considered are relative advantage, compatibility, complexity, 
trialability and observability, which are part of the characteristics of an innovation. These factors are 
evaluated when exploring the current state of the bioeconomy sectors, and what current involvement 
and potential contribution is associated with blockchain.  
Diffusion explains the spread of an element from one area to another. In this paper this 
represents the implementation of blockchain from the financial sector to the supply chain management 
and monitoring, as regards to the bioeconomy. In effect the blockchain would embody the role of 
innovation that Rogers (2003) identifies as the perception of a new idea. The selection of this theory 
as a framework is based on its recognition and definition of innovations taken from one sector and 
applied to another. In addition to how new ideas are communicated throughout society, and how 
different social groups “adopters” take part of the innovation over time. Thus, the framework of analysis 
provided, will be used not only to analyse the already existing use of blockchain, but also to portray 
potential benefits.  
The factors which are considered in this analysis, are presented in Table 2.2 and are used as a 
form a valuable checklist for evaluating projects, improving behaviours or products and identifying 
existing weaknesses in a field or product (Sahin, 2006). Questions that are considered while analysing 
the implementation and potential benefits of blockchain can also be found in Table 2.2. The analysis 
will evaluate the frame of reference and findings from the case studies, in regard to the presented 
characteristics of innovation to examine the potential of blockchain to enhance traceability systems for 
biomass supply chains and the ability to secure and share data related to sustainability strategies.  
In summary, Rogers (2003) argued that innovations offering more relative advantage, 
compatibility, simplicity, trialability, and observability will be adopted faster than other innovations. 
Rogers does caution, “getting a new idea adopted, even when is has obvious advantages, is difficult”, 
so the availability of all of these variables of innovations speed up the innovation-diffusion process. 
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Table 2.2 - Characteristics of innovation and respective questions for analysis (Adapted from Rogers (2003). 
Relative 
Advantage 
The degree to which an innovation is perceived as better than the idea it supersedes by 
a particular group of users, measured in terms that matter to those users (economic 
advantage, social prestige, convenience, or satisfaction). The greater the perceived 
relative advantage of an innovation, the more rapid its rate of adoption is likely to be. 
How is blockchain better than current practices when addressing biomass supply chain 
needs, or managing data for monitoring purposes? 
Compatibility 
The degree to which an innovation is perceived as being consistent with the values, past 
experiences, and needs of potential adopters. An idea that is incompatible with their 
values, norms or practices will not be adopted as rapidly as an innovation that is 
compatible. 
How do blockchain solutions show compatibility with current biomass supply chain 
(traceability) systems, or monitoring and sustainability strategies? 
Complexity 
The degree to which an innovation is perceived as difficult to understand and use. 
Excessive complexity of an innovation is an important obstacle in its adoption. The new 
to develop new skills and understandings, reduces adoption rate. 
How difficult is it for biomass supply chains to implement and adopt blockchain, and in 
what way can key players have access to previously recorded information? 
Trialability 
This is the degree to which an innovation can be experimented with on a limited basis. 
An innovation that is trialable, represents less uncertainty to the individual who is 
considering it (mostly early adopters) and enables “learning-by-doing”. 
What type of commitment do stakeholders have to have towards blockchain-based 
solutions? 
Observability 
The easier it is for individuals to see the results of an innovation, the more likely they are 
to adopt it. Visible results lower uncertainty and also stimulate peer discussion of a new 
idea. 
Are there any visible results of blockchain in bioeconomy sectors, regarding both supply 
chain operations or monitoring capabilities? 
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3 FRAME OF REFERENCE 
This chapter provides a review on the topics of bioeconomy and blockchain. Explicitly, it presents a set 
of key elements that are necessary to establish the state of bioeconomy regarding the current 
European Strategy (3.1.1), biomass supply chain operations (3.1.2), and monitoring and sustainability 
strategies (3.1.3). Blockchain technology is presented with major focus in supply chain applications 
and beneficial outcomes (3.2.2), followed by technology limitations (3.2.3). Lastly, Diffusion of 
Innovation theory is addressed, to expose the fundamentals of this theory (3.3). 
3.1 EUROPEAN BIOECONOMY 
3.1.1 STATE OF PLAY 
3.1.1.1 UNDERSTANDING BIOECONOMY 
CONCEPTUALIZATION 
Since its re-appearance in the early 2000’s, the topic of bioeconomy gained more and more 
attention from academics, companies and public institutions regarding different fields and purposes. 
As result of a bibliometric analysis of scientific literature, Bugge et al. (2016) analysed the growth of 
research developed on that period, presented on Figure 3.1, and concluded that was mainly focused 
on “Biotechnology & Applied Microbiology”, “Energy & Fuels”, “Environmental Sciences” and 
“Chemistry, Multidisciplinary”. 
 
Figure 3.1 – Number of papers per year, regarding the topic of bioeconomy or similar denomination  
(n = 453 papers) (Bugge, Hansen, & Klitkou, 2016). 
Although different terms are used to describe the same or similar idea in many of the published 
material, not always these terms are interchangeable. On the study of Staffas et al. (2013), by 
analysing different perceptions of international, national and regional stakeholders, it is understandable 
the shapeshifting and evolving nature of this concept. The definition endorsed, has direct influence in 
policy making and strategies proposed. Which means that according to the goals, needs or resource 
20 
availability of a certain player, so does the definition adjusts (Staffas, Gustavsson, & McCormick, 
2013). 
Being more of a narrative than a discipline that studies economic growth, bioeconomy notion 
started as the ‘knowledge-based bio-economy’. On the sequence of the 2000 Lisbon Strategy, the 
European Union was meant to become the world’s leading knowledge-based economy (KBE) by 2010. 
Technological innovation is seen as one of the cornerstones to achieve economic growth, and linked 
with it is knowledge creation, transferring and application. Master narratives, such as KBE, are 
important in shaping political-economic policies, institutional practices and wider societal changes, 
through technological advance. The knowledge-based bio-economy was officially launched by the 
European Commission in 2005, resulting from a partnership between EU institutions and European 
Technology Platforms (ETPs) in the agro-food-forestry-biofuels sectors (Birch, Levidow, & 
Papaioannou, 2010). 
On the following years ‘bio-based economy’ and ‘bioeconomy’ surged in published literature, 
strategies and reviews on innovative technologies and industries. Usually, ‘bio-based economy’ is used 
when there’s an argument to replace non-renewable/fossil-based products or services, for a novel 
economy based on the use of biomass resources. Whereas the term bioeconomy is often applied on 
the context of biotechnology, life science and related technologies and applications, which are included 
in a well-defined part of the existing economy (Staffas et al., 2013). In a general application of the 
concept, ‘bioeconomy’ prevails as the most common terminology. This study will adopt the 
nomenclature presented in Figure 3.2, considering Bioeconomy, as the system that includes every 
other aspect: production of biomass through providing ecosystems and waste streams, and the use of 
biomass by the food industry and bio-based industries. Although not within the scope of this study, it’s 
understandable that the bioeconomy is inserted and complements the rest of the general economy. 
 
Figure 3.2 - The bioeconomy and the bio-based economy (SWECO et al., 2017) 
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B IOTECHNOLOGY AND BIOMASS 
The initial concept of bioeconomy started from the life sciences and biotechnology spheres. 
Shaping its progress through the ability of scientific knowledge and technical expertise to utilise 
biological processes for practical applications (Levidow, Birch, & Papaioannou, 2012). Eventually, 
other concepts and ideas were brought under the umbrella of bioeconomy, but biotechnology, in great 
part, remains the tool that allows for its functioning. Biotechnology can be understood as the science 
of using living things to produce goods and services. It may involve manipulation or modification of 
organisms, to create new and practical applications for primary production, health and industry (OECD, 
2009). 
At the present time, variations on biotechnologies are recognised according to the methods used 
or sectors involved. Through a spectrum of colours, biotechnologies are identified as white, use of 
biomass to produce bio-based products, grey, use of technological solutions to protect the 
environment, green, applied to agriculture processes, red, related to the health sector and 
pharmaceuticals, blue, marine and water related activities, and more recently modern biotechnology, 
which is used to distinguish fields such as genetic engineering and cell fusion (McCormick & Kautto, 
2013). 
Just as important as the innovation and development in biotechnology, biomass production and 
its supply, are crucial bottlenecks for bio-based industries and the food industry. Being the feedstock 
of a bioeconomy, its expected that the rise of bio-based products will lead to increased demand for 
biomass (Staffas et al., 2013). On this context, sustainable production of biomass is necessary, 
otherwise the bioeconomy poses a threat instead of an improvement compared to the current fossil-
based economy (Hennig, Brosowski, & Majer, 2016).  
Biomass can be interpreted as a renewable raw material which compromises the totality of plant, 
animal or microbial, including biomass delivered through food chains, whose primary production is 
based on photosynthesis. Furthermore, biomass may be used as energy source or raw material for 
the (industrial) production of all kinds of goods, as well as their direct use in products (Carus, 2012).  
 
Figure 3.3  -The value pyramid of biomass applications (Eickhout, 2012) 
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Integrating the full range of natural and renewable biological resources (land and sea), 
biodiversity and biological materials (plant, animal and microbial) and biological processes, the 
bioeconomy is nothing new itself. Before the industrial revolution, economies were mainly bio-based 
and even today we still depend on biomass as feedstock for wood-based materials, natural fibres, pulp 
and paper production and biofuels, as some examples (Sillanpää & Ncibi, 2017). Nevertheless, the 
transition toward a modern bioeconomy implies challenges such as sustainability of biomass raw 
material, efficiency in biomass use and economy of scales in biomass mobilization. 
V ISIONS FOR BIOECONOMY 
In an attempt for an integrated and holistic solution, bioeconomy tends to aggregate several 
sectors and distinct stakeholders, and consequently originate different visions of how the bioeconomy 
should grow. On the research of Bugge et al. (2016) concerning the current definition and perspectives 
on bioeconomy, the authors concluded the existence of three major visions that are perceived by 
stakeholders. Table 3.1 summarises the findings of the study, focusing on four major parameters of 
comparison.  
Table 3.1 - Key characteristics of the bioeconomy visions (Bugge et al., 2016). 
 
According to the authors, the current state on bioeconomy can be framed in three perspectives 
that often constitute contrasting rationalities. However, the bio-technology vision and the bio-resource 
vision share some common ground, that may allow for complementary strategies. Both visions value 
economic growth over sustainability, the first focuses in capitalising biotechnologies and producing 
scientific knowledge, while the other emphasises on the exploitation of bio-resources and its 
applications. On both cases, environmental improvement is often assumed, and the main focus is on 
technological development of new bio-based products and processes. Thus, feedback effects following 
the use of new technologies are often ignored and assessments on environmental protection or impact 
are unprioritized. 
Similar to the Knowledge-Based Bio-Economy idea, the bio-technology vision follows a linear 
model of innovation. Which means that based on research and knowledge creation, product 
development can take place and be followed by production and marketing. “Research starts from 
processes operating at the molecular level, and products and production processes are subsequently 
constructed” (Bugge et al., 2016).  On the other hand, bio-resource vision invests research in multiple 
fields, which are in different ways related to biological materials. Innovation is understood as cross-
sectoral collaborations and interaction with customers. Regarding the bio-ecological vision, 
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sustainability comes as a top priority. Ecosystem services and circularity are key features of this vision, 
that is driven by engineering techniques that aim to design agricultural systems based on ecological 
interactions and try to avoid external inputs. Research on this area focus mostly on transdisciplinary 
sustainability topics such as sustainable production, fair trade and community engagement. Topics like 
genetically modified organisms are not considered in the bio-ecological vision. Moreover, literature 
shows that this point of view critically claims to the other two visions that researchers should consider 
the relevance of environmental impacts and disclaim sustainability fallacies (Bugge et al., 2016). 
C IRCULARITY AND CASCADING 
The principles of circularity and cascading are 
inherent to the idea of bioeconomy. By design, the 
biological cycle is a closed loop, therefore so should be 
the elements that compose the bioeconomy (Mathijs et 
al., 2015). The drive to shift the material composition of 
consumables from technical towards biological nutrients 
and to have those cascade through different applications 
before extracting valuable feedstock and finally re-
introducing their nutrients into the biosphere, rounds out 
the core principles of a restorative circular economy. The 
“butterfly” figure1 published by the Ellen Macarthur 
Foundation, illustrates how technical and biological 
nutrient-based products and materials cycle through the 
economic system. However, such distinction could be 
misleading, because bio-based products seem to be 
entering only the biological cycle. In reality, the majority 
of bio-based products enters the technical cycle (share, 
maintain, reuse, remanufacture, recycling) and only a 
small share enters the biological cycle (biodegradation) 
(Carus & Dammer, 2018). 
Bio-based products will play an increasingly 
important role in the transition from a linear towards a 
circular economy. Biorefineries, themselves, are at the 
heart of the circular economy, playing a vital role in 
developing and adding value to the principles of a ‘zero-
waste’ society. The concept of biorefineries is analogous 
to that of petrochemical refinery processes, except that 
biorefineries use renewable instead of fossil carbon-
based feedstocks. Such feedstocks can include 
municipal solid waste (where separate collection of 
organic material is possible and therefore contamination 
levels with non-organic material are low), and which 
would otherwise be landfilled or burned, waste from food industry which would otherwise not be reused 
as well as designated crops and agricultural and forestry waste, which might otherwise be burned or 
ploughed back into the land. Even taking into consideration the need to ensure the ongoing role of 
these residues in maintaining soil quality and biodiversity, primary production can play an important 
BOX 1 
Circular Economy  
- ‘An industrial system that is 
restorative or regenerative by 
intention and design. It replaces the 
end-of-life concept with restoration, 
shifts towards the use of renewable 
energy, eliminates the use of toxic 
chemicals, which impair reuse and 
return to the biosphere, and aims for 
the elimination of waste through the 
superior design of materials, 
products, systems and business 
models’ 
- The first principle is that, in an ideal 
circular economy, waste does not 
exist, as products are designed for a 
cycle of disassembly and reuse. 
- The second principle implies a strict 
distinction between consumable and 
durable components of a product. 
Consumables should be returned to 
the biosphere without harm after a 
cascading sequence of uses, 
contributing to its restoration. 
Durables are designed to maximise 
their reuse or upgrade.  
- The third principle is the use of 
renewable energy to fuel the process. 
(MacArthur, 2013) 
1https://www.ellenmacarthurfoundatio
n.org/circular-economy/interactive-
diagram 
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role in adding value to these materials which might previously have been considered as ‘wastes’ (BBP 
EG, 2017). 
In some bio-based sectors, cascading use has already been established for decades, many 
years before the term ‘circular economy’ became mainstream policy. Examples are the pulp and paper 
or textile industries. A cascade comes into existence as a result of recycling and remanufacturing and 
is as such part of the circular economy and governed by the waste hierarchy, but the possibility for 
cascading is dependent on a point in time before the waste hierarchy applies – it depends on the 
decision of how to use the fresh biomass. It makes a huge difference whether the biomass is processed 
into materials/products or whether it is used for energy purposes (Carus & Dammer, 2018). 
The circular economy is not complete without the bioeconomy and vice versa. The huge volumes 
of organic side and waste streams from agriculture, forestry, fishery, food & feed and organic process 
waste can only be integrated in the circular economy through bioeconomy processes, while the 
bioeconomy will hugely profit from increased circularity purposes (Carus & Dammer, 2018). However, 
several barriers are identified about the transition for a circular economy (Ritzén & Sandström, 2017). 
Among them, structural, operational and technological barriers include issues as missing exchange 
information, accountability for performance, supply chain management, and integration of technology 
into production processes. 
AGRICULTURAL SYSTEMS 
The bioeconomy concept is built on two premises. First, biomass is currently being 
underexploited, as many waste streams are not used in an optimal way. More materials and energy 
can be extracted from current biomass streams. Second, the biomass potential can be upgraded by 
increasing current yields through closing yield gaps, increasing the amount of productive land, 
introducing new or improved species that may or may not be generated by various biotechnological 
advances and introducing new and improved extraction and processing technologies (Mathijs et al., 
2015).  
Agricultural production provides the basic input for the food-processing sector but also recycles 
many by-products, not only from this sector but also from other sectors in the form of animal feed or 
nutrients applied to the soil. These inputs and their by-products are also important inputs for other, 
non-food industries to produce bioenergy, chemicals and materials (Ronzon et al., 2016). Figure 3.4 
provides an overview of the bioeconomy system, pointing out the interactions and characteristics of 
the respective sectors. 
Two main developments leveraging agricultural output include advances in biotechnology and 
in precision farming. These precision approaches are enhanced by developments in ICT (Li, Chen, & 
Zhu, 2013; Murugan, Garg, & Singh, 2017; Singh, Sankhwar, & Pandey, 2014), GPS-based 
technologies and sensor technologies (Ojha, Misra, & Singh, 2015). Appendix C presents a more 
detailed overview on the use and benefits of ICT in agriculture, in addition, it defines the relevance 
about the integrity and availability of information in nowadays systems. 
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Figure 3.4 - Bioeconomy key elements and interaction with circular economy  
(Available at  http://nova-institute.eu/services/markets/) 
3.1.1.2 EU STRATEGY FOR BIOECONOMY 
On February 13, 2012, the European Commission published the Communication "Innovating for 
Sustainable Growth: A Bioeconomy for Europe" (European Commission, 2012). Which features a 
strategy for Europe and a detailed Action Plan. This communication presents the following definition: 
“The bioeconomy encompasses the production of renewable biological 
resources and their conversion into food, feed, bio-based products and bioenergy. 
It includes agriculture, forestry, fisheries, food and pulp and paper production, as 
well as parts of chemical, biotechnological and energy industries. Its sectors have 
a strong innovation potential due to their use of a wide range of sciences (life 
sciences, agronomy, ecology, food science and social sciences), key-enabling 
technologies (biotechnology, nanotechnology, information and communication 
technologies, and engineering), and local and tacit knowledge.” (European 
Commission, 2012) 
Although is not clear in the given definition, sustainability concerns are also addressed in this 
communication, moreover “This strategy proposes a comprehensive approach to address the 
ecological, environmental, energy, food supply and natural resource challenges that Europe and 
indeed the world are facing already today” (European Commission, 2012). Other definitions and 
strategies, whether regional or national, may give greater emphasis to optimization and production of 
biomass, biotechnology applications and innovative processes, rural development, forest 
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management, low-carbon economy, pharmaceutical and medical applications, job creation, regional 
and cluster organization or overall sustainability (European Commission, 2011; Ollikainen, 2014; 
Sillanpää & Ncibi, 2017).  
The Strategy and Action Plan for “Innovating for Sustainable Growth: A Bioeconomy for Europe” 
aim “to pave the way to a more innovative, resource efficient and competitive society that reconciles 
food security with the sustainable use of renewable resources for industrial purposes” (European 
Commission, 2012). The strategy proposes a comprehensive approach to address five societal 
challenges through the introduction of a bioeconomy (Appendix D clarifies the arguments of the impact 
of bioeconomy behind each societal challenge):  
1) ensuring food security;  
2) managing natural resources sustainably;  
3) reducing dependence on non-renewable resources;  
4) mitigating and adapting to climate change;  
5) creating jobs and maintaining European competitiveness.  
Regarding the impact in economy and job creation, the EU’s bioeconomy sectors are worth € 
2.2 trillion in annual turnover and account for more than 18 million jobs (Figure 3.5). This means that 
the bioeconomy represents around 9 % of all sectors of the economy with regards to employment as 
well as to turnover, being agriculture and manufacturers of food and beverages the heaviest slices. 
Agriculture with the highest percentage of employment and manufacturers of food and beverages the 
one with the biggest turnover. Bio-based products in general share the lowest fraction. 
 
Figure 3.5 - Distribution of employment and annual turnover of the European bioeconomy sectors (Ronzon et 
al., 2017). 
Sharing common purposes with other policies and strategies, the EU bioeconomy policy 
framework is related to international treaties and the EU commitments therein, such as the Paris 
Agreement negotiated at the United Nations COP21 and the United Nations Sustainable Development 
Goals (SDG) (Philp, 2017). In addition to the bioeconomy strategy, the EU addresses the bioeconomy 
through relevant sectorial legislation. The Common Agricultural Policy (CAP) has a significant impact 
on biomass availability, price and price volatility (Schmid, Padel, & Levidow, 2012). From the sectors 
using biomass, only the bioenergy sector is regulated by EU legislation on promoting the use of 
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biomass, which in turn can influence the availability and 
price of biomass for other sectors and uses such as food 
and bio-based chemicals and materials (Staffas et al., 
2013). Cross-cutting policies relevant for the 
bioeconomy, such as climate change policy, circular and 
blue economy and regional policy, can boost the 
bioeconomy. Appendix E includes a list of EU policy 
strategies relevant for the bioeconomy. Further policies 
such as research and innovation, trade and internal 
market policies have a major impact on the bioeconomy. 
This strategy aims to support better alignment of 
EU funding in research and innovation with the priorities 
of the bioeconomy.  While there is no specific 
bioeconomy legislation, funding for bioeconomy 
research and innovation is a key policy tool for 
promoting the bioeconomy. EU funding mechanisms 
include notably the Horizon 2020 framework 
programme, the European Structural and Investment 
Funds (ESIF) and the European Fund for Strategic 
Investment (EFSI). Some 5.6 % (EUR 4.2 billion) of the Horizon 2020 budget is dedicated to the 
bioeconomy (Ronzon et al., 2017). Horizon 2020 also provides approximately EUR 1 billion for the 
public-private partnership Bio-Based Industries Joint Undertaking (BBI JU), which are topped-up by 
private funds to an overall budget of EUR 3.7 billion. The BBI JU is considered to be a key organization 
to unlock the potential of the bio-based industries in Europe, and a genuine catalyst in achieving a 
strong bio-based economy. Further information available in bbi-europe.eu/about/about-bbi. 
The Bioeconomy Action Plan focuses in particular on cross-sectoral and multi-disciplinary 
approaches, developing Joint Programming Initiatives and support bio-clusters and Knowledge and 
Innovation Communities (Schmid et al., 2012). It includes three complementary key pillars, focusing in 
(1) research and innovation, (2) policy interaction and (3) markets enhancement (European 
Commission, 2012). As it follows:  
(1) Investments in research, innovation and skills aimed at ensuring substantial EU and 
national funding. Increase the share of multi-disciplinary and cross-sectoral research and 
innovation, by improving the existing knowledge-base and developing new technologies. 
Promote the uptake and diffusion of innovation in bioeconomy sectors. 
(2) Reinforced policy interaction and stakeholder’s engagement, through the creation of a 
Bioeconomy Panel, a Bioeconomy Observatory and regular Stakeholders Conferences that 
will contribute to enhancing synergies and coherence throughout the whole value chain; 
(3) Enhancement of markets and competitiveness in bioeconomy sectors by a sustainable 
intensification of primary production, a cascading use of biomass and waste streams as 
well as mutual learning mechanisms for improved resource efficiency. 
 Within these pillars, twelve main actions are established, which include increasing multi-
disciplinary research and innovation; creating markets for bio-based products and initiatives through 
standards and labels; and establishing a bioeconomy panel to increase cross-sectoral collaboration 
and policy coherence (McCormick & Kautto, 2013).  
BOX 2 
Common Agricultural Policy 
- Encourage and support farmers to 
diversify and supplement their 
incomes by investing in dedicated 
biomass crops for sustainable bio-
based products; 
- Develop a dedicated programme to 
support collection, harvest, storage, 
and transportation of renewable raw 
materials, especially agricultural 
residues; 
- Support cooperation approaches 
between sectors and the development 
of pilot, demonstration and 
commercial scale biorefineries across 
the EU. 
(Viaggi, 2016). 
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MARKETS P ILLAR 
The market pillar establishes a set of focus areas that are relevant for bioeconomy land activities, 
among other sectors, it specifically relates to agriculture, food industry and bio-based industries 
(European Commission, 2012). On chapter 3.1.2, supply chains of agricultural biomass, are presented 
through the perspective of agri-food and bio-based products, derived from the segmentation provided 
in the Action Plan. These sectors are directly affected by Actions from 9 to 12 (European Commission, 
2012), hereby compromises some of the resulting items:  
► Improve the understanding of current, potential and future availability and demand of biomass 
across sectors, considering added value, sustainability, soil fertility, climate change and others.  
► Support the development and understanding about assessment methodologies (e.g. LCA) 
across value chains, creating a better control of the environmental impact, carbon balance and 
sustainable uses of biomass. 
► Provide data, tools and models to examine potential trade-offs between various types of land 
uses in agriculture and increase capacity to analyse complex scenarios (e.g. food security 
versus biofuels or habitat conservation issues). 
► Promote the setting up of networks with the required logistics for integrated and diversified 
biorefineries, demonstration and pilot plants across Europe, including the necessary logistics 
and supply chains for a cascading use of biomass and waste streams. 
► Support the expansion of new markets by 
developing standards and standardised 
sustainability assessment methodologies for bio-
based products and food production systems and 
supporting scale-up activities.  
► Develop the knowledge base for certification 
schemes and labels (e.g. Eco-label) for bio-based 
products to promote their uptake in consumer 
markets and green public procurement. 
► Develop science-based approaches to inform 
consumers about product properties (e.g. 
nutritional benefits, production methods, 
environment sustainability and impacts of 
consumption patterns) and to promote a healthy 
and sustainable lifestyle.  
► Enable citizens to take responsible and informed 
choices, through full transparency to authorities 
and consumers. 
 
 
 
 
BOX 3 
Horizon 2020  
- Is the largest programme and is fully 
dedicated to financing research, 
development and innovation activities 
across all policy field, with a total 
budget of roughly EUR 80 billion; 
- Supports bioeconomy by endorsing 
research and innovation in industrial 
biotechnology, and the bioeconomy 
sectors, through Public Private 
Partnerships (PPPs) and through 
safeguarding the budget allocated to 
both the Bioeconomy and to Industrial 
Biotechnology, as a Key Enabling 
Technology. 
(European Commission, 2016a). 
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POLICY PILLAR – BISO 
Further to the publication of the EU Bioeconomy Communication, the JRC took the responsibility 
of establishing the Bioeconomy Observatory, according to Action No. 6 of the Action Plan, concerning 
the policy pillar. The Action Plan refers to the establishment of a Bioeconomy Observatory as follows: 
"Establish a Bioeconomy Observatory in close collaboration with existing 
information systems that allows the Commission to regularly assess the progress 
and impact of the bioeconomy and develop forward-looking and modelling tools."  
The objectives behind this initiative include 
following “the evolution of bioeconomy markets and the 
impacts (socio-economic, scientific technological, 
market and legislation) of policies, where such 
mechanisms do not yet exist, as well as research and 
innovation activities affecting the bioeconomy in 
Europe and beyond” (European Commission, 2012). In 
order to follow the world-wide developments and 
impacts of bioeconomy, the Observatory system should 
be linked to global monitoring systems and establish 
key partnerships with strategic third country organizations, such has The Community of Latin American 
and Caribbean States (CELAC) (Plan, 2014). Furthermore, it should “support existing databases and 
develop new databases and indicators for bioeconomy impacts analyses, EU and global models 
integrating economic both macro and sectors levels, environment, technological development and 
territorial dimensions" (European Commission, 2012). In sum, this project aims to facilitate the flow of 
information within the bioeconomy system and help to provide a solid basis for coherent policy 
decisions to support the development of the bioeconomy in Europe.  
The formation of a Bioeconomy Observatory is therefore an essential element of the 
implementation of the EU Bioeconomy Strategy, since it remains as “the reference source of 
information on bioeconomy” to every single actor. Establishing a reliable and centralised source of 
information, including both quantitative and qualitative data, across all dimensions of the bioeconomy. 
The Bioeconomy Observatory project, also designated as Bioeconomy Information System and 
Observatory (BISO), projected a set of goals that address each one of the three pillars in the Action 
Plan. The three-year BISO project ran from March 2013 to February 2016. It was funded with a budget 
of € 1 500 000 by the 7th Framework Programme. An administrative arrangement between DG RTD 
and Joint Research Centre (JRC) defined the project's work programme (European Commission, 
2016d). Figure 3.6 illustrates the structure presented by the BISO project, on the topics that should be 
addressed regarding the interaction of each pillar with the production and use of biomass. 
The analysis under the markets and competitiveness pillar is widely perceived as the most 
challenging one (compared to the analysis under the other two pillars), due to the massive shortage of 
coherent data and reliable information on a number of items (European Commission, 2014). The pillar 
dedicated to markets and competitiveness acts as the “core business” of BISO, creating guidance for 
the sustainable use of biomass. Addressing most of the Actions communicated under the third pillar, 
part of the strategy for markets monitoring, is centred on the aggregation of quantitative and qualitative 
data regarding biomass supply and bio-based production (Plan, 2014). Which means that considers 
biophysical aspects of biomass production and use, functional aspects of biomass value chains and 
BOX 4 
Joint Research Centre (JRC)  
- Provide customer-driven scientific 
and technical support for the 
conception, development, 
implementation and monitoring of EU 
policies. 
(European Commission, 2016b) 
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qualitative analytical information on drivers and constrains for food and bio-based sectors and 
providing ecosystems. 
 
Figure 3.6 - BISO structure overview (Nita, Benini, Ciupagea, Kavalov, & Pelletier, 2013). 
The BISO project also specifically addresses environmental sustainability concerns, as regards 
to biomass value chains, by performing the following tasks: 
► Develop relevant key environmental indicators concerning biomass production, logistics and 
use; 
► Comparative life-cycle based assessment of example bio-based products and their supply 
chains, from the primary production of biological resources to end-of-life processes; 
► Sustainability assessment: 
o Design minimum sustainability criteria for biomass production, mobilization and its industrial 
applications; 
o Elaboration/integration of comprehensive, multi-criteria sustainability assessment tools for 
both existing and emerging bio-products’ performance, in terms of environmental impact; 
o Develop methodological tools for tracing the bio-products’ sustainability criteria compliance 
across the whole supply chain; 
o Developing methodological tools for sustainability assessment of the existing and 
prospective technologies; 
DATA AVAILABILITY – BISO 
According to the official workplan, the JRC has to execute the overall tasks to the feasible extent, 
something that might depended on the availability and accessibility of trustful data and information. 
The lack of data for measuring bioeconomy is one of the main challenges of the Bioeconomy 
Observatory. Currently, relevant indicators can be found in varied databases from different providers. 
Among them, DataM’s contribution consists of providing access to different existing datasets collected 
both from publicly available sources, such as Eurostat and FAO, and non-public and/or ad-hoc data 
and that can be used by researchers, policy makers and general public to monitor bioeconomy figures 
in Europe (M’Barek et al., 2014).  
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Several agriculture related data (production, land 
area, prices, population and employment) were already 
available in DataM, facilitating some of the BISO effort. 
Information about non-food use of crops of some of the 
bioeconomy sectors was also available, which resulted 
on the compilation and harmonisation of different 
sources into 15 datasets in DataM (M’Barek et al., 2014). 
Biomass is an important product of the bioeconomy 
which, until recently, has only received limited attention 
from statistical data providers. Very few databases 
include comprehensive data on biomass supply (such as 
production, market value); among those, two could be 
mentioned: Eurostat Material Flow Accounts and Seri 
Global Material Flow Database (M’Barek et al., 2014).  
A methodological framework, access to data sets 
and analysis of strategic sectors enhanced knowledge 
and information about the state and potential of the EU 
bioeconomy. Over 30 national, regional and 
international bioeconomy profiles were compiled from 
available databases and stakeholder feedback via a 
survey. A study of the EU bio-based industry identified 
more than 130 relevant companies and analysed 
product types, production trends, sales, investment, 
research and development, employment and feedstock 
use. It also identified the main drivers and barriers for the development of a bio-based industry. In 
addition, 25 environmental factsheets for different bio-based products and their supply chains were 
produced (Garcia, Matos, & Aurambout, 2016; Matos, Garcia, Aurambout, Kavalov, & Manfredi, 2015; 
Ronzon et al., 2017). 
RESULTS AND IDENTIFIED GAPS –  BISO 
As result of the tasks addressed during the project, the Bioeconomy Observatory successfully 
published a European biomass balance 2. The release of this assessment enhanced the understanding 
of material flows within the bioeconomy and created a first picture on what is the shape of bioeconomy 
concerning biomass flows. However, significant data gaps and lack of accuracy in results were 
identified (Camia et al., 2018), both regarding the origin and use of biomass: 
► No systematic figures of residue production are available in agricultural statistics. A further 
evaluation on the use of agricultural residues requires data on current collection practices 
and the technical capabilities in harvesting the residue from the field; 
► Lack of data on the use of agricultural biomass as bioenergy and as bio-based materials 
(bio-based chemicals, bio-based handicraft, etc.); 
► In the case of bio-based energy, only biofuels complying with sustainability criteria are 
officially reported. Unfortunately, official data are not complete in terms of time and Member 
State coverage; 
BOX 5 
DataM  
- The JRC’s in-house data 
management tool, has been 
employed to streamline data related 
tasks when researching agricultural 
markets. 
- It has been used as a source for 
economic modelling purposes, an 
easy to use data validation tool when 
cross checking between different 
databases, and as a way of analysing 
results. 
- Using one interface only, users can 
rapidly access the main agricultural 
and trade databases (as provided by 
Eurostat, FAOSTAT, FAPRI, USDA, 
OECD and others) as well as the in-
house model databases. 
- The tool addresses different needs, 
ranging from data collection and data 
checks to advanced reporting with the 
possibility to export data. 
(European Commission, 2018b) 
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► Bio-based energy uses are also made of biogas and bioelectricity for which no 
comprehensive dataset is currently available. The same occurs in the case of bio-based 
chemicals and other bio-based materials derived from agricultural biomass; 
► Data come from various data sources not harmonised among each other, which requires 
researchers to use conversion factors that make mismatches harder to correct. Filling data 
gaps remains a real challenge, especially in the case of manufacturing uses of biomass; 
2 https://datam.jrc.ec.europa.eu/datam/mashup/BIOMASS_FLOWS/index.html 
Confidentiality issues are often associated with industry data. Therefore, quantifying the use of 
biomass in the manufacturing of bio-based chemicals for instance, can only stem from rough 
estimations based on scattered literature sources. However, it is important to note that food and feed 
uses are by far the main type of utilisation of agricultural biomass (in quantity). Being currently 
captured, the overall picture of agricultural biomass flows is already informative. Missing uses 
represent a very small fraction of agricultural biomass uses when measured in quantity, although they 
may represent a larger fraction of biomass uses when measured in economic value (Camia et al., 
2018). 
As regards to environmental sustainability, the BISO as put its focus on LCA methodology as 
well as Attributional-LCA, producing impact assessment reports about the three essential biomass 
supply chains (food and feed, bio-based products and bioenergy) (Ronzon et al., 2017). The gaps 
identified by the work group include both methodological procedures and data availability concerns. 
Several commodities are still suffering from a lack of available inventory data (e.g. bio-based polymers) 
due to the lack of commercial technology. As technology progresses, it will be possible to expand the 
list of commodities evaluated (Ronzon et al., 2016). Most of the data used to map the environmental 
performance of the example case studies was obtained from peer-reviewed articles published in 
scientific journals. Regarding the publicly available LCA data from EU research projects, they were 
found to be generally limited and/or aggregated (e.g. reported as percentages), which fact reduced the 
feasibility of performing comparisons with data from other studies (Cristóbal, Matos, Aurambout, 
Manfredi, & Kavalov, 2016). More rigorous evaluation of the effects of uncertainty on inventory data 
and parameters variability is necessary to provide more complete impact assessments and to decrease 
the risk of misinterpretation of results. 
The BISO brought knowledge relevant to the bioeconomy under one roof, helping public and 
private actors who are looking for guidance in further developing their bioeconomy strategies. 
Nevertheless, knowledge relevant for the bioeconomy is overall still too dispersed and not sufficiently 
coordinated (European Commission, 2016d). In order to address this challenge, the BISO project took 
the following as a lesson: 
1) Bioeconomy is a matter to be addressed more at cross-sectoral level than with silos 
approach (cooperation should be rather multilateral than bilateral); 
2) Collaborative relationships should be established inside and outside the Commission, in 
order to ensure access to and availability of data and information, develop a comprehensive 
knowledge base and reach out different audiences, notably policy makers, industry and 
citizens; 
3) Relevant data on the bioeconomy are missing and are not included in traditional statistics, 
in particular when it comes to bio-based products and sectors that use both bio-based and 
fossil-based raw materials. The use of ad hoc surveys and as well other sources of 
information need to be considered (e.g. expert estimations of bio-based shares, private 
sector data, web, crowdsourcing...) to gather additional data. 
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The Observatory has continued after the end of BISO (nominated for the three-year project), 
with a view to meet the needs of policymakers and various stakeholders. 
Bioeconomy is a growing narrative with tremendous implications in the industrial and political global 
agendas. The shift from the current economic growth to one where sustainable production and efficient 
manufacturing of biomass are supported by circular economy principles, stresses the need for a smart 
management of agri-systems and a proper balance between food and bio-based products (energy, 
materials and chemicals). The European Commission has the target to address five main societal 
challenges through the implementation of a European bioeconomy strategy. A cross-sectoral 
approach, heavily influenced by the already existing European policy landscape, assures funding for 
the actions elaborated under three major pillars: research and innovation, policy interaction and 
markets enhancement.  
The market pillar focuses on promoting the competitiveness of bio-based markets, while guarantying 
the development of standardized assessment methodologies and sustainable supply chains. It further 
promotes networking effects and supports the expansion of new markets, easing the process of new 
products uptake and green procurement. Finally, it aims to enable citizens to take responsible and 
informed choices, through supply chain transparency. 
On the other hand, the policy pillar explicitly predicts the formation of the Bioeconomy Information 
Systems Observatory (BISO). This initiative aims to facilitate the flow of information within the 
bioeconomy system. Additionally, it helps to provide a solid basis for coherent policy decisions by 
establishing a reliable and centralised source of information. Both quantitative and qualitative data, 
across all dimensions of the bioeconomy, are included. The BISO project aims to provide 
comprehensive understanding, data resources and methodologies to address every need under the 
market pillar, as well as sustainability matters. Data availability and reliability are currently 
compromised due to cross-over databases, ad hoc surveys and general literature research. Newer 
sectors of bioeconomy are the ones who lack the most. 
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3.1.2 BIOMASS SUPPLY CHAINS 
3.1.2.1 AGRI-FOOD  
DRIVERS FOR TRACEABILITY AND TRANSPARENCY 
The food industry is a very dynamic industry with constant changes in customer demands. This 
calls for the ability to quickly adapt strategies and reconfigure resources. In the modern food industry, 
processes have become industrialized, characterized by mass production. Furthermore, production, 
financing, and marketing have become internationally integrated to form global food supply chains 
(Beske, Land, & Seuring, 2014). 
Agri-food supply chains can be defined as “a set of interdependent companies that work closely 
together to manage the flow of goods and services along the value-added chain of agricultural and 
food products, in order to realize superior customer value at the lowest possible costs” (Folkerts & 
Koehorst, 1997). Globalization along with changing marketing techniques, consumption trends, and 
modern technology has simultaneously raised concerns in regard to the economy, society, and the 
environment.  
When compared to other industries, food supply chains have some unique characteristics. Food 
supply chains can be distinguished into “fresh agricultural products” (e.g. vegetables or fruits) and 
“processed food products” (e.g. convenience food or soft drinks). Resulting product-related issues 
include but are not limited to “shelf life constraints, variability of quality and quantity of supply of farm-
based inputs, variable process yield in quantity and quality due to biological variations, seasonality, 
random factors connected with weather and pests and other biological hazards” (Grimm, Hofstetter, & 
Sarkis, 2014). Thus, safety and quality are of utmost importance in the food industry, which makes 
controlling the entire supply chain, quality assurance, and enhanced tracking and tracing practices a 
special issue in this business. 
Figure 3.7 - Drivers for traceability in food chains (Adapted from Aung & Chang, 2014) 
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According to European legislation on food traceability EC 178 (2002), article 18, it is required to 
establish traceability system at all stages of food production, processing, storage, and distribution; 
implement one-step-backward and one-step-forward approaches; and label adequately the food/ feed 
before placing on market. Furthermore, consumers are becoming more concerned with the products 
they consume, including their origin, the inputs used during production, the labour standards 
implemented, the treatment of animals, and the environmental impact of production (Beske et al., 
2014). Therefore, the sustainability of the food industry has been under scrutiny of the public for some 
time. Especially organic food and fair-trade initiatives are of importance in this regard. 
Nowadays, the dominant position of retailers is highlighted as being a key factor in determining 
the distribution of added value within food chains (Kirwan et al., 2017). Enhanced traceability systems 
would allow to connect consumers to producers, empowering two actors that are neither denied having 
access to the information system nor forgotten along the value chain. 
Although food products often have relatively simple bills of materials (ingredients), food supply 
chains typically comprise a large variety of different supply chain partners such as retailers, 
wholesalers/distributors, various traders, processors, marketers/storage, farmers or farm suppliers that 
increase complexity and decrease transparency. In the food industry a recognizable amount of 
ingredients is commoditized or processed as bulk cargo that makes traceability more difficult. Given 
the geographical restriction for agricultural cultivation and depending on the consumer market 
destinations, product flows span great geographical distances. Although business relationships in food 
supply chains are mostly dyadic, sustainability, certification, and traceability issues are more evident 
and increasingly require firms to interact with suppliers in these supply chains (Grimm et al., 2014).  
Figure 3.7 reviews some of the most relevant drivers for traceability in food supply chains. 
Besides that, information systems, information quality, information sharing, and information infra-
structure integration, are considered both medium power and dependence drivers. These drivers are 
relatively unstable and need consistent attention by management organisms because any effect on 
these four drivers will affect others and on themselves as well. Hence, they are termed as linkage 
drivers (Faisal & Talib, 2016). Aramyan et al. (2007) defined four categories which compromise key 
performance indicators: efficiency, flexibility, responsibility and food quality (Aramyan, Oude Lansink, 
van der Vorst, & van Kooten, 2007). All of which are enhanced by efficient traceability systems and 
transparency across the multitude of stakeholders, thus contributing to the overall performance of the 
supply chain. 
SOLUTIONS SO FAR 
Therefore, among other arguments already described, increasingly stringent requirements for 
food safety, as well as a growing demand for food characterised by a certain identity (GM, non-GM, 
ethical, organic, low carbon footprint, subject to religious constraints etc.), call for the development of 
increasingly large and efficient traceability systems.  
If on the one hand, traceability by itself cannot change the quality and safety of the food products, 
on the other hand it can be an important element in the more general control scheme of production 
and distribution. A traceability system, such as  Enterprise Resource Planning (ERP) (Myers, 2016), 
coupled with other tools (HACCP, ISO standards, production planning, logistics), may indeed lead to 
significant improvements on the performance of the whole supply chain (Dabbene, Gay, & Tortia, 
2013). Basically, a product traceability system requires the identification of all the physical entities (and 
locations) from which the product originates, that is to say, where it is processed, packaged, and 
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stocked, including every agent in the supply chain (Regattieri, Gamberi, & Manzini, 2007). Figure 3.8 
summarizes the main actors and activities in food supply chains, and their interactions with information 
systems for food traceability. 
In addition to the progresses established so far, the immediate future in research and industrial 
applications is very promising. The growing diffusion of new technologies for automatic identification & 
sensing (e.g. active and passive RFID embedding sensors and localisation devices), together with the 
availability of new computational and simulation models and of new mechanical systems for the 
segregation of lots, pave the way for new solutions able to guarantee a higher level of control of the 
supply chain (Dabbene et al., 2013). In the next decade, the dramatic increase in the application of 
RFID technology is expected in food industry due to its decreasing cost and increasing performance 
(Bosona & Gebresenbet, 2013). Appendix F provides an overview and description about key 
technologies for traceability systems. 
In the era of information and connectivity, the Internet promises to be an important tool for food 
traceability. Web based traceability systems will enable traceability chains for products to personal 
computers and smart phones of consumers based on the access control level of the consumer 
identification system. This will deliver real-time information to consumers on the quality and safety 
status of products and also permit speedy recalls when quality and safety standards are breached 
(Kim & Laskowski, 2016). Initiatives such as SmartLabelTM, are promoting greater transparency, by 
offering consumers more product information and detail via QR labelling and Web-based landing pages 
(Deloitte, 2016a). The larger trend in the future is the convergence of smart phones with the Internet 
of Things. Devices such as smart phones, essentially become sensors and RFID readers, which allow 
consumers to interact with real world objects in a much more detailed manner (Aung & Chang, 2014). 
 
Figure 3.8 - Conceptual framework of food traceability system. Adapted from Aung & Chang, 2014 and Tsolakis 
et al., 2013. 
HURDLES, STRUGGLES AND BOTTLENECKS  
Even though agri-food supply chains seem to be less complex compared to other industries (e.g. 
automotive or aerospace), the difficulties in achieving traceability are present in today’s business 
activities. Although this sector has already been addressed by the research community, there is a lack 
of integrated systemic approaches that could support effectively the design and planning of such 
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networks. Due to the dynamic and stochastic properties of agri-food supply chain decision-making 
process, the necessity for the development of real-time optimisation tools to approach the problems is 
recognised.  Thus far, static and deterministic methods have been mostly employed, focussing mainly 
on harvest planning and fleet management operations (Tsolakis et al., 2013). Hence the necessity to 
establish a real-time information system, able of supporting efficient traceability systems and enhance 
transparency. 
Traceability systems are critically reliant on the recording of information, and the successful 
communication of this information, up and downstream the supply chain (Olsen & Aschan, 2010). 
Robust mechanisms are needed to facilitate the collection and authentication of any information, to 
enable it to be updated and shared through the chain. Paper is still used as a cheaper option for 
traceability, regardless of its limitation to record data accurately, store it, and query it to identify and 
trace products. Digital databases for traceability are seen as more expensive to implement, operate, 
and maintain, requiring investments in hardware and software, systems interconnectivity, skilled 
human resources, training, and certification (Faisal & Talib, 2016). Nonetheless, the benefits gained 
from efficient traceability for high-risk and high-valued food far outweigh the cost of traceability (Aung 
& Chang, 2014). 
Once technological capacity is in place, other important factors such as employee’s skill, 
awareness, and motivation (as well as the commitment) of leadership are necessary for effective 
traceability. Therefore, appropriate training on concept and importance of food traceability is essential, 
because some partners of supply chains consider traceability activities not only as costly process but 
also as extra burden. This type of training enables to solve problems identified as capacity and 
awareness limitations (Bosona & Gebresenbet, 2013). Internal traceability systems are a prerequisite 
to achieve full traceability. Furthermore, research on integrated traceability systems and further 
development of user-friendly traceability tools and data processing software, should be promoted by 
all stakeholders (Senneset, Forås, & Fremme, 2007). 
Every company or supply network must find its own traceability model fitting its purposes and 
activities. In developed countries, automated data capturing and electronic data coding showed well 
progress at food company levels but, due to lack of standardization, data transmission from one actor 
to another is difficult. Moreover, introducing sector-specific data terminology is recommended as 
effective way to tackle the problem (Thakur, Sørensen, Bjørnson, Forås, & Hurburgh, 2011). Structured 
data lists, vocabularies and ontology can be considered as appropriate tools to achieve universal data 
exchange (Thakur & Donnelly, 2010). On the other side, many developing countries lag in developing 
and implementing food safety and traceability standards. Thus limiting exports of food products from 
developing countries, where poor regulation of chemical use, pollutants, and a steep learning curve in 
traceability capacity restrict growers’ and processors’ participation (Aung & Chang, 2014). 
An effective traceability system reinforces a maximum level of coordination between different 
partners. The continuous flow of reliable traceable information could in turn enhance the integration of 
logistics activities and improve the food supply chain management as whole. Although improving 
efficiency of logistics processes and introducing IT systems are getting more attention by food 
industries, efforts to integrate IT operations with logistics operations are rare (Bosona & Gebresenbet, 
2013). 
Food packing and labelling are main requirements for implementing (paper or electronic based) 
effective supply chains, as these activities link material flow with information flow. However, in some 
cases customers desire to buy loose produce (unpacked) especially in case of fresh produce. Such 
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cases could be considered as extra challenge in realizing traceability information flow (Manos & 
Manikas, 2010). On top of that, most of the previous research is found to focus on traceability until the 
retail point of the food chain thereby missing to trace the consumer part of the food chain. In terms of 
food safety, the consumer segment is also important therefore traceability should be extended to 
consumers (Aung & Chang, 2014). 
In terms of social performance, information and communication has a strong presence in public 
discourse, but the debate is often related to specific issues such as trust and commitment, food 
integrity, authenticity and trustworthiness. The notion of ‘transparency’ is required as a way of helping 
to ensure an openness of communication throughout the food chain. Consumers, in particular, require 
high standards of openness from the food chain in order to feel assured that the food they eat is both 
safe and trustworthy (Kirwan et al., 2017). However, companies are reluctant towards sharing their 
own data to the public eye (Deloitte, 2016a), there is a need for a system that allows companies to 
collect and share their data, without compromising their competitiveness. 
Developing complete and effective food traceability systems that fully integrate into food logistics 
management is quite complex in nature as it requires a deeper understanding of real processes from 
different perspectives such as economic, legal, technological, and social issues. Therefore, it is not 
only the food traceability performance, but also the methods of assessing the performance should be 
studied and developed (Bosona & Gebresenbet, 2013). In general, the implementation of food 
traceability should be associated with effective way of communicating traceability information to the 
consumers and other stakeholders. 
Agri-food supply chains are recognized to be complex systems that involve numerous actors, 
responsible for specific activities. The performance of this set of interactions is essential for the delivery 
of nutritional goods to society. Consequently, some unique characteristics in these supply chains stress 
a need to assure safety and quality, normally ensured by certification schemes. In addition to some 
other drivers (e.g. operations, consumer’s concerning, sustainability), traceability and transparency in 
these networks are key elements for the overall sustainable performance. Which according to the 
conducted review, shows compliance with the challenges addressed by the strategy for bioeconomy. 
The need to maintain a flow of real-time, reliable information is of utmost importance to the success of 
these traceability systems. Even though they are supported by technology and legislation, 
asynchronous information among actors of the food supply chain, compromises its own performance. 
Authenticity and trustworthiness about the information that is being shared between stakeholders and 
consumers, is currently being limited by interoperability between IT systems, and conventional labelling 
techniques that are associated with products flow. 
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3.1.2.2 BIO-BASED PRODUCTS 
DRIVERS FOR TRACEABILITY AND TRANSPARENCY 
Bio-based value chains can be defined as “the sequence of processes from biomass production 
to bio-product consumption, along with the opportunities for value generation, including economic, 
social and ecological values” (Federal Ministry of Food and Agriculture, 2014). Advancements in 
industrial biotechnology allow the selective production of added-value small molecules used as building 
blocks for several applications. For instance, a large variety of goods, such as biofuels, plastics, paints, 
clothing, adhesives, lubricants, cosmetics, pharmaceuticals and many more, can be obtained using 
renewable resources (Golembiewski, Sick, & Bröring, 2015). Figure 3.9 provides an overview of this 
type of supply chain concerning the type of biomass, transformation technologies and final products or 
building blocks, Appendix G gets into detail with a more complex example of an integrated biorefinery 
supply chain.  
  
Figure 3.9 - Raw materials, processing technologies and products in a biorefinery (Espinoza Pérez, Camargo, 
Narváez Rincón, & Alfaro Marchant, 2017). 
A bio-based supply chain includes various activities, such as cultivation, harvesting, pre-
processing, transportation, handling, and storage. After the stage of conversion in a biorefinery, it may 
involve distribution and retailing to end-user. Compared to industrial supply chains, several differences, 
that characterize bio-based supply chains, must be underlined (Ba, Prins, & Prodhon, 2016): 
► Cover a vast collection territory, with many scattered cultivation areas and processing facilities; 
► Long planning horizons are considered, because most crops have a one-year cultivation cycle; 
► Inputs (biomass productions) and outputs (conversion activities) are desynchronized; 
► Because of degradations, crops cannot wait and must be harvested quickly when ready. 
These characteristics, among others, create challenges (e.g. technical and technological, 
financial, social, environmental, policy and regulatory, Institutional and organizational), which 
compromise the success of these supply chains (Espinoza Pérez et al., 2017). Please check Appendix 
H for further detail regarding challenges and issues identified in logistics and supply chain management 
for bio-based industries.  
In particular, logistics plays an important role in bio-based supply chains. It must integrate time-
sensitive feedstock collection, storage, and delivery operations into efficient, year-round supply 
systems. Consistently delivering high-quality biomass, according to specific requirements by 
biorefineries. Both the biomass collection and delivery require extensive efforts in equipment selection, 
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shift arrangement, vehicle routing, and fleet scheduling (Yue, You, & Snyder, 2014). Moreover, the 
integration and linking of food and non-food value chains in value chain networks, poses logistical 
challenges on how to organise the fluctuating supply of biomass feedstocks (volume and quality) 
(Annevelink et al., 2017). The organization of supply and demand of bioresources is essential for the 
bio-economic developments. 
Therefore, design and operation of supply chain networks are important for the industrialization 
of biorefineries. Decision-making models that accommodate multiple stakeholders and activities, are 
key to manage this system as a single entity, instead of a disparate group of functions (A. De Meyer, 
Cattrysse, Rasinmäki, & Van Orshoven, 2014). The decision-making process across the various 
activities of the supply chain is hierarchized under three decision perspectives: strategic, tactical and 
operational (Espinoza Pérez et al., 2017). The strategic level covers long-term decisions in the supply 
chain design (e.g. biomass type, contracts, locations, processing, network design, sustainability), while 
the tactical level includes the management of medium-term decisions (e.g. storage or collection 
method), which typically range from six months to one year. The operational level corresponds to short-
term decisions, weekly and daily, which concern inventory planning and programming vehicles. 
There is no doubt that accurate forecasting models are critical to promote informed decisions 
and contribute to the optimisation of bio-based supply chains (Ba et al., 2016; Espinoza Pérez et al., 
2017). Optimization models based on stochastic inventory theory might be the most promising 
approach, because they can explicitly optimize the working and safety inventory to hedge against the 
supply delay and demand fluctuation, whilst guarantee the required service level (Ghaderi, Pishvaee, 
& Moini, 2016). In addition, tools on planning and scheduling from petroleum chemical supply chain, 
can be used in advanced bioproducts, to coordinate the use of resources in production and optimize 
the logistic activities in the downstream distribution system (Yue et al., 2014). Whereas modelling and 
optimization methods for biomass harvesting and logistics, that are used for biofuel, can be used for 
other bio-based supply chain upstream management (Yue et al., 2014). 
Due to the growing importance of this sector, it is necessary to implement integrated frameworks 
and operational tools that support the decision-making process. (Espinoza Pérez et al., 2017). To 
enhance the overall profitability and productivity and stimulate expansion of the biorefining industry, 
multi-scale modelling and optimization can play an important role in integrating the production of biofuel 
and advanced bioproducts. Systematic approaches can be employed to maximize the use of all 
feedstock components, by-products and waste streams, and use economies of scale, common 
processing operations, materials, and equipment to drive down all production costs (Yue et al., 2014).  
Crucial parts of this systems-approach are, therefore, (1) taking resource use efficiency and 
effectiveness as a basis, (2) establishing integrated value chain networks in the bio-economy, (3) 
building an integrated assessment framework and (4) coping with challenges in processing, logistics, 
legislation and business economics (Annevelink et al., 2017). Some of the already existing models and 
tools are listed: BeWhere, Bioboost, Biocore, BiomassTradeCEntres, EuroBioRef, EuroPruning, Infres 
and LOCAgistics (Annevelink et al., 2015). 
Most present-day software tools are limited by the necessity to provide a huge number of input 
data that is very difficult to collect, which further limits the practical usefulness of these integration 
tools. In addition, sophisticated expert knowledge is required to use the most of these tools which 
further limits their practical use-fulness (Budzianowski & Postawa, 2016). Moreover, there are no tools 
capable of carrying out integration of biorefinery systems in the total chain. Which makes it even harder 
for dispersed supply chains to interact and achieve greater performances. 
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The software tool needs to integrate several different numerical environments. Therefore, the 
centre of this tool are process models for biorefinery, markets, production sites, logistics, subsidies 
and more. These need to integrate LCA models, business models and any relevant that are important 
for biorefinery performance, in order to address the overall dimension of the decision-making process. 
The simulation of these sub-models need to be coordinated by a special data management model that 
will collect and exchange data to properly account for all existing interactions and feedbacks. Figure 
3.10 illustrates the model proposed by Budzianowski and Postawa (2016), where the different 
environments are combined. Integrated systems understand that added value will not only be 
determined by an economic driver, but also by environmental issues with societal impact. Hence the 
need to oversee the added value of the whole agro-network, including environmental impact. 
 
Figure 3.10 - Basic architecture of a software tool for total chain integration of biorefinery systems 
(Budzianowski & Postawa, 2016). 
In the next 10-15 years the basis for the integration of production and processing has to be 
created (Annevelink et al., 2017), and with the expected growth, tradable qualified bio-commodities 
are need. The availability and sharing of sufficient data by different companies within these networks, 
is an important precondition to evaluate the efficiency and development. Something that the proposed 
architecture considers as the central model. Further, the authors stress the need for transparency 
about the data in the individual supply chains. Governments must create a level playing field, in which 
transparency within and between value chain networks, creates the possibility for integration of 
biomass flows into different processing systems (Annevelink et al., 2017). Considering current and 
henceforth regulations (e.g. safety) about food and bio-based products. 
In a traceability implementation study carried by Bosona et. al (2018), the authors identified 
contamination of biomass with impurities such as soil, stones, and metals as one part of the challenges 
related to pruning-based biofuel products. As a result, final consumers had less trust in the quality and 
quantity of pruning biomass supplies for their boilers. Effective traceability and logistics systems enable 
to reduce such losses and costs of the production and supply of biofuel. It is also considered an 
important tool to control the quality of bales and chips (Bosona, Gebresenbet, & Olsson, 2018). In 
particular, small-scale farmers who join the pruning-to-energy initiatives, could benefit from such 
logistics and traceability systems (Bosona et al., 2018). Consequently, leading to the reduction of 
operational costs and increase of product quality control, as well as increase of marketing opportunity.  
It is shown that a traceability system is important for the quality control and effective 
management of the pruning biomass supply chain, increasing overall sustainability. Furthermore, it 
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promotes the effective utilization of agricultural residues for energy generation. The same findings can 
be extrapolated to similar bio-based supply chains. 
SOLUTIONS SO FAR 
The study carried by Bosona et al. (2018) had the goal to define and develop a traceability 
system capable of assuring quality biomass for energy purposes, along the supply chain. The idea is 
based on the creation of a labelling for prunings biomass, since product labels facilitate product 
traceability and guarantee the biomass real condition. Based on the information on the label, the 
biomass trading system manager can trace the entire history of the biofuel product along the supply 
chain. Such traceability information must be recorded and documented on the web-based information 
platform, which is already integrated in a smart logistics system (SLS), as depicted in Figure 3.11. The 
SLS consists of four major components: 
a) Smart Box: a sensor unit that measures some parameters of biomass (e.g. humidity, 
temperature, geographic position) 
b) On-board control unit: enables the user to perform route planning and monitor the 
recordings made by the smart box; 
c) Information platform: a centralized platform for performing documentation and data sharing, 
as well as facilitating biomass trading and management pruning supply chain and 
traceability; 
d) Central control unit: serves as an interface linking the Information platform and On-board 
control unit and serves as a point of administration for the whole biomass logistics system. 
The conceptual structure of this system can be compared to some examples of traceability 
systems for food. In this pruning biomass trading system, the major traded forms are bales and chips 
with defined characteristics. Major traceable quality parameters include the declaration of origin and 
source of product, traded form, bale dimension, chips size distribution, moisture content, ash content, 
and density. On a broader perspective, authors identify the need to define the following factors 
concerning the traceability system (Bosona et al., 2018): name, scope, and objectives of the traceability 
system, production rules, product characters, labelling rules, information to be indicated on the label, 
information to be traced, and traceability technologies. 
As regards to technology, a quick response (QR) code is implemented in this system, as part of 
the SLS developed. A QR code is printed in the label since the beginning of the supply chain, facilitating 
access to the traceable information flow. “The actors (e.g., farmer) who sell their products register all 
required product quality information via the platform, which generates the QR code, and prints the label 
with the QR code before the product is loaded for delivery. The QR codes will be scanned (by the 
transporter) using a scanner integrated in the smart logistics tool which has to be installed on the truck” 
(Bosona et al., 2018). Different communication technologies (GPRS, telephone or internet) are used 
to transfer information inside the SLS. 
Web-based information documentation and sharing centre is required for traceability information 
flow (Figure 3.11). The platform has to be built in such a way that different registered actors (producers, 
traders, customers, and transporters) have access to it and record the information regarding their own 
pruning biomass products ready for trading or services to be provided. All of the above being 
complacent with the recommended biomass quality criteria for energy production. The platform 
assures the continuity of traceability information flow, which facilitates the inspection of the biomass 
supply and tracking/tracing of a particular item whenever required.  
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Detailed information can be obtained using a product’s lot number, label code (to be assigned 
to each registered actor), and the product delivery identification number (to identify each product 
delivery chain). The product delivery identification number incorporates different label codes identifying 
stages along the supply chain and ensures continuity of traceability information flow (Bosona et al., 
2018). This continuity of information flow is augmented by the centralized information platform, where 
the required information will be documented and investigated by the system manager. 
 
Figure 3.11 - Conceptual representation of a smart logistics system (left) and example of á printed label (right), 
indicating lot number, code, origin and respective QR code (Bosona et al., 2018). 
Besides integrated and specific traceability solutions, standardization of processes and 
properties are considered to be key elements can help remove trade barriers, increase market 
transparency and public acceptance. It is therefore an essential element of traceability systems, just 
as in food supply chains. To address the lack of standards for bio-based products, the Commission 
has issued several standardisation mandates to CEN. CEN develops European standards covering 
horizontal aspects of bio-based products as well standards for specific bio-based products such as 
bio-surfactants (CEN/TC 276), bio-solvents (CEN/TC 411), bio-plastics (CEN/TC 249) and bio-
lubricants (CEN/TC 19) (CEN, 2018).  
In addition to standardization of processes, certification schemes are also important when 
addressing sustainability concerns and contributing to public awareness. The Roundtable on 
Sustainable Biomaterials (RSB), built on the previous Roundtable of Sustainable Biofuels, expanded 
its scope in 2013 to cover biomaterials: bioenergy (liquid biofuels as well as biomass and biogas for 
energy generation) and bio-based products (biochemicals, such as bioplastics and bio-lubricants). 
Certification to the RSB Standard covers the production of any bio-based feedstock, biomass-derived 
material and any advanced fuel, as well as complete supply-chains and novel technologies (RSB, 
2014). Currently, its standards are critically acclaimed as the most relevant in bio-based products and 
bioeconomy in general. 
European standards, certification and labelling systems help to specify and communicate the 
properties of bio-based products in a clear and unambiguous way, contributing to a certain level of 
integrity in the market (BBP EG, 2017). Thus, helping to build consumer awareness and confidence in 
bio-based products. Transparency is assured, by providing common reference methods and 
requirements able of verifying claims about these products (e.g. biodegradability, bio-based content, 
recyclability and sustainability). There will continue to be an ongoing need for new standardisation and 
labelling (single, unifying and identifiable) to create market certainty for the bio-based sector.  
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HURDLES, STRUGGLES AND BOTTLENECKS  
Considering the nascent position of bio-based industries, traceability and transparency are 
relatively unexplored subjects. Being most of the research focused on technology, logistics and 
sustainability; traceability systems and the need for transparency are mostly demonstrated by 
reasoning. However, several authors (mentioned above), stress the need for efficient and reliable 
information systems. Considering the lack of research developed concerning the difficulties to 
implement traceability systems and assure transparency, one can consider that implementation of 
traceability technologies, share common features with food supply chains. Then, the main issue can 
focus around the difficulty to integrate the multitude of stakeholders in a system destined to information 
interchange. Thus, creating an information flow and providing access to the traceability factors of each 
product. 
 The inter-organizational behaviour of bio-based supply chains accentuates the heterogeneity 
of the parties involved. This heterogeneity should be tackled by means of inter-organizational 
cooperation and intra-organizational coordination, thus the need for integration systems. However, 
most solutions so far, present an intra-organizational view with a central, omniscient and omnipotent 
planner (Fichtner & Meyr, 2017). In shorter supply chains, an inter-organizational model can be 
implemented, nevertheless, information remains centralized (Bosona et al., 2018). Centralized 
systems, hold a central planner for decision-making, guarantying access to all the necessary 
information and ability to decide for the supply chain as a whole. 
The existence of a central database to support all the data collected from the different parties, 
may be questioned due to competitiveness between business and reliability in the intermediary. The 
way of gathering, structuring and storing the large amount of required data to these processes, is rarely 
discussed when considering the integration of models (Ba et al., 2016). Although authors stress its 
importance (Bosona et al., 2018; Budzianowski & Postawa, 2016). Clever cooperation between 
partners of bio-based supply chains (e.g. trust building, sharing information, risks, joint profits or joint 
cost) would help to save costs and to become more competitive,  potentially, self-sustainable (Fichtner 
& Meyr, 2017). Although this may be true, the main challenge associated to increasing the dimensions 
of the sustainability analysis is the availability of reliable information to accomplish it (Espinoza Pérez 
et al., 2017). 
Bosona et al. (2018) satisfactorily conducted the integration of a traceability system with a 
central database where data was collected, stored and accessed. Nevertheless, when considering the 
scaling up of operations, it turns to be much more complex to involve new and far distant partners, that 
may already be involved in other supply chains with different information systems. Tools that integrate 
biorefinery supply chains logistics and traceability, should to rapidly transfer information about 
customer demand to all levels of the supply chain, as it enables rapid response to market changes 
(Espinoza Pérez et al., 2017). Similarly, a flexible structure is needed for supply chains to adapt to 
other circumstances. 
Bio-based industries can be divided in conventional bio-based products (e.g. clothing and energy) and 
emergent bio-products (e.g. bio-fuels and materials), where the latter have value chains oriented 
towards biorefineries. Regardless, the heterogeneity between partners within the bio-based industries 
supply chain causes a need for inter-organizational integrated management solutions. These solutions 
are responsible for increasing operations efficiency and overall sustainability. Considering bio-based 
supply chains main issues and drivers (e.g. biomass quality and supply, spatial distribution, cascading, 
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sustainability), traceability and transparency reveal their importance in maintaining a flow of reliable 
information for sustainable functioning between players. Cross-border transactions and the dynamic 
spectrum of possible partners requires for trust to be assured and transparency throughout the all 
supply chain. Even more, the risk associated with taking biomass that does not respect the necessary 
quality requirements, can have environmental and economic implications. Hence compromising the 
success of bioeconomy.  
Certification and labelling schemes are increasingly being used to aid green procurement and establish 
guidelines towards better practices and more sustainable markets. Furthermore, as bio-based 
industries are directly competing with other already established industries (normally using non-
renewable resources), competitiveness and sustainability are key factors for markets enhancement. 
Despite the lack of research conducted on the execution and obstacles to establish traceability 
systems, in short chains information flow is usually assured by central planners who hold full control of 
the supply chain. This option, limits the full potential of a bio-based value chain since intermediaries 
can be seen as biased, and geographical or interoperability barriers may arise between players. 
Concerning data availability, this architecture for information systems promotes the creation of private 
data markets instead of an easy-access public platform promoting transparency to markets and policy-
makers. 
3.1.3 MONITORING AND SUSTAINABILITY 
MONITORING THE BIOECONOMY 
The core challenge of a sustainable bioeconomy in the EU, seems to be finding a balance 
between the demands of the economy for food, energy and materials on the one hand, and the 
sustainable supply capacities of natural systems (nationally and globally) on the other hand (O’Brien 
et al., 2017). Monitoring tools are crucial as a basis for political interventions, to detect feedstock 
limitations and to identify undesirable developments and trade-offs, as it was described above. An 
essential characteristic of a sufficient monitoring approach is the consideration of global impacts due 
to biomass use (Budzinski, Bezama, & Thrän, 2017). Not forgetting to integrate a detailed 
differentiation between types and utilizations of biomass. Something which was already addressed by 
BISO, with visible initial results (3.1.1.2).   
However, to this date comprehensive tools mapping the environmental and socio-economic 
impacts due to biomass use in a detailed, as well as in a global manner, are not widely available and 
in use. The unavailability of current and detailed information stresses the need for undertaking the 
ongoing effort of providing those comprehensive databases to finally get a holistic as well as a detailed 
picture for all sectors of the bioeconomy (Budzinski et al., 2017). To overcome current limitations, 
authors stress the need for data collection and synchronization as well as studies, in which more 
current data is used. Contrary to most studies where outdated data serves as input, in addition to the 
uncertainty associated with it. 
Considering a broader bioeconomy definition, some of the main obstacles for monitoring the 
economic development were identified as (R. Meyer, 2017): varying specifications of system 
boundaries, lack of coherent cross-sectoral reporting systems, unreliability of international trade 
statistics, insufficient data around bio-based industries production processes, and lack of transparency 
in biomass supply chains. 
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Measuring and monitoring the bioeconomy is 
therefore a challenge. In some sectors input-output and 
material flow analysis may be useful. However, to 
integrate externalities and regulatory regimes, it may 
increase the complexity of the tools and models behind 
it. Bioeconomy’s evolution in a global context of 
digitization, globalization, urbanization, science 
evolution and changing preferences, are features that 
further complicate the influence policy strategies may 
have on the bioeconomy itself (Wesseler & von Braun, 
2017). Overall, the measuring and monitoring 
challenges result from the cross-sectoral and dynamic 
innovations which the strategies intend to initiate (R. 
Meyer, 2017). The Bioeconomy Observatory role in 
monitoring and managing information, reveals its 
usefulness in overcoming these challenges. 
Nevertheless, it is obvious that there is not a one-
size-fits-all approach for measuring the bioeconomy. 
Rather, it may be helpful for science, policy, and 
industries to combine measurement approaches and 
accompany them with a comprehensive narrative about 
economic opportunities, competitiveness, externalities, and sustainability gains (Wesseler & von 
Braun, 2017). Several approaches may be used for measuring the bioeconomy, but each one needs 
to be scrutinized in regard to what is measured and how.  
An understanding of bioeconomy in a narrower sense tends to limit the economic assessment 
to the biotechnology industry or the emerging bio-based industry, for which economic data are still very 
difficult to obtain (R. Meyer, 2017). Here, the common approaches are questionnaire surveys of 
companies or estimations based on corporate reporting and assessments of private consulting firms 
(Johannessen, 2014; Parisi & Ronzon, 2016; Ronzon et al., 2016).  
In the context of a bioeconomy definition in a broader sense, assessment approaches include 
all sectors that produce, process or use biological resources, including traditional bioeconomy sectors 
such as agriculture and food industry. While statistical data for the primary production of biomass in 
agriculture, forestry and fishery are well established, the economic shares of downstream stages in 
biomass-based value chains are not readily available (R. Meyer, 2017), as it was previously mentioned. 
O’Brien et al. (2017) have pointed three major factors which are needed for a systemic 
monitoring of a sustainable bioeconomy transition, followed by a set of key indicators and models 
(Appendix I): 
1) Monitor the progress of bioeconomy development in the EU; 
2) Assess its positive and negative impacts on the environment, economy and society 
(both within the EU and abroad); 
3) Evaluate whether the bioeconomy is on track to meeting overarching sustainability 
targets. 
A flexible integration of models, for example in the form of a meta-model, could provide an 
overarching framework to join scientific disciplines, methods and approaches and to strengthen 
BOX 6 
Systemic monitoring for the EU 
Bioeconomy 
- Development: turnover, share of 
GDP, employment, trade and 
resource use; 
- Environment: land use change, land 
use intensity, soil quality, biodiversity, 
ecosystem services, water scarcity, 
water pollution, GHG emissions, 
atmospheric pollution; 
- Economy: commodity prices, new 
markets, demand effects; 
- Social: food security, land access 
and tenure, household income, job 
creation, quality of life; 
- Consult Appendix I for further 
understanding of policy oriented key 
gaps, data requirements, indicators 
and targets. 
(O’Brien et al., 2017) 
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transparency and participation for non-modelers. Exploring how such a meta-model could be 
developed and applied to the bioeconomy in concrete terms is a key research need for establishing a 
systemic monitoring of the bioeconomy (O’Brien et al., 2017). The two following frameworks for 
sustainability (SAT-BBE and S2BIOM), represent different tools that intent to help monitor and 
measure bioeconomy development and impacts. Its review plans to identify data requirements and 
gaps, that contribute to bioeconomy’s monitoring and sustainability strategies. Both tools are compliant 
with the Bioeconomy Observatory since it is taken as a key partner in the development of each one. 
SAT-BBE 
The objective of SAT-BBE was to design a systems analysis tools framework, which must be 
useful to (1) monitor the evolution of the bioeconomy in the EU, and (2) to analyse the socio-economic 
and environmental impacts of the bioeconomy and its relevant policies.  This framework should provide 
guidance to the analysts and researchers studying the issues and problems (van Leeuwen et al., 
2015). Such an analytical framework can also help in providing guidance and decision-support to the 
policy-makers responsible for the execution of consistent, coherent, and long-term strategies with 
desirable consequences. 
SAT-BBE explored the data, indicators and models that help to assess the contribution of a 
bioeconomy to ensure long term economic and environmental sustainability. These impacts are 
measured with respect to the five societal challenges of the EC's Bioeconomy Strategy, namely 
increasing populations that must be fed, depletion of natural resources, impacts of ever-increasing 
environmental pressures and climate change. The SAT-BBE consortium identified and analysed the 
most important interactions and feedback effects between the bioeconomy and other parts of the 
economy (e.g. fossil and energy-based industries), taking into account developments in system drivers 
(e.g. economic development, innovation and technical change) and constraints (e.g. land, water, non-
renewable natural resources, labour) (van Leeuwen et al., 2015). 
The systems analysis toolkit has been designed using existing data and model approaches. 
Tools are classified in General and Partial Equilibrium models (GE and PE), bottom up approaches 
and Integrated Assessment Models (IAM) (Verburg et al., 2013). Since modelling tools for the 
bioeconomy are out of this study’s scope, please consider consulting SAT-BBE final report for further 
detailed descriptions of these tools. It was also concluded that no ‘super model’ exists (nor should be 
designed) that covers all societal challenges and multi-dimensional relationships in the bioeconomy. 
Instead, each model selected has its specific strengths and weaknesses, which means that models 
needs to be linked in an operational, transparent and systematic way to monitor the evolution and 
impacts of the bioeconomy. 
Figure 3.12 shows for each of the five societal challenges of the EC Bioeconomy Strategy the 
required data and models, as well as the gaps in available and required data and models. In general, 
it can be concluded that data, indicators and models are fairly well established for traditional sectors 
of the bioeconomy (agriculture, fishery, forestry, food, paper and pulp, textile). Gaps in availability and 
quality of data and indicators were identified with respect to spatial (regional), temporal (times series) 
or thematic (sectoral, societal challenge) coverage. Gaps in data are especially relevant for innovative, 
new bio-based sectors and specific issues (e.g. land use change, soil quality), and indicators. The 
availability and quality of social indicators is also an area of concern. Gaps exist for food security data 
regarding the availability of indicators such as consistent household income and expenditure data, 
nutrition intake data, own consumption and health data (Leeuwen, Meijl, Smeets, & Ur, 2014). 
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Figure 3.12 - Models, indicators and data requirements per societal challenge of the EC Bioeconomy Strategy 
(van Leeuwen et al., 2015). 
Although it is difficult to be accurate with the judgment of the data availability and quality, the 
SAT-BBE consortium members conclude that major gaps and uncertainties exist in the availability of 
data, indicators and partially also in modelling capacity. It was concluded that further data 
disaggregation and improved model collaboration are required to increase the usefulness of the 
designed systems analysis tools framework and toolkit developed in SAT-BBE for monitoring and 
evaluating the progress of the EU Bioeconomy Strategy (European Commission, 2016c). 
S2BIOM 
This S2BIOM project supports the sustainable delivery of non-food biomass feedstock at local, 
regional and pan European level through developing strategies, and roadmaps that are informed by a 
“computerized and easy to use” toolset (and respective databases). The project continuously updates 
harmonized datasets at local, regional, national and pan European level for EU28, Western Balkans, 
Moldova, Turkey and Ukraine. Further information about the project and the partners involved are 
available under www.s2biom.eu.  
Recognizing the multitude of the already existing sustainability approaches, S2BIOM proposal 
for sustainable biomass criterion and indicators (C&I) is based on a benchmark and gap analysis of 
methodologies such as LCA, voluntary and mandatory certification schemes from international, 
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European and country level, other sectoral policies and proposals from other research groups (Londo 
et al., 2015). The S2Biom approach is fully synced with the most recent international developments on 
sustainability, especially the Sustainable Development Goals (SDGs), and the GBEP Sustainability 
Indicators for Bioenergy (GSI). 
The proposal on sustainability C&I for bioeconomy is presented in Table 3.2. This proposal has 
considered the three common sustainability dimensions, i.e. environment, social and economic, to 
better assess bio-based value chains. Each indicator is formulated in a general way and accompanied 
by its respective definition. In total, 12 criteria and 27 indicators are included in this proposal (Londo et 
al., 2015).  
Table 3.2 – S2BIOM sustainability criteria and indicators for the EU bioeconomy bio-based sectors (Londo et al., 
2015). 
 
In S2BIOM a database for standardized biomass characterization was developed and populated 
for all lignocellulosic biomass types covered in the project. This database was intended to be used to 
determine, if certain biomass types can be used as feedstocks for specific conversion technologies. 
For this purpose, an extensive characterisation for the conversion technologies was also made with 
regard to minimal biomass characteristics requirements. The biomass characteristics and the 
conversion technology requirement characteristics were then used to develop the biomass matching 
tool (Bio2Match: http://s2biom.alterra.wur.nl/web/guest/bio2match). 
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The S2BIOM also includes a logistics component, therefore attaining to provide an integrated 
tool for bio-based value chains. LocaGIStics is a tool that provides support to more regional and local 
stakeholders in making strategies for best ways to develop their bio-based economy and making use 
of sustainable local biomass resources potentially available to them (Annevelink et al., 2015).  
Bioeconomy’s controversial proposals and systemic disruption demand that impacts from such 
activities are minimized and critical sustainability is achieved. Monitorization and quantifiable 
measurement are key practices to understand bioeconomy true performance, and subsequently its 
political implications. However, monitorization is not always easily accomplished. Poor coherence of 
cross-sectoral reporting systems, unreliability in data and international trade statistics, and lack of 
transparency in supply chains, compromise effective monitoring programs. Hence, compromising 
policy makers’ decision capacity. 
Several attempts exist towards a comprehensive approach to a systemic monitoring of bioeconomy 
sectors, and respective impacts. This research showcases three distinct approaches defining specific 
indicators and data requirements (identified gaps even): (1) policy influenced, addressing the 
environmental, economic and social spheres, (2) based on the five societal challenges proposed by 
the EU strategy for bioeconomy and (3) a sustainability analysis frame to support green procurement 
in non-food biomass value chains.  Besides providing key indicators and data requirements for a 
systemic monitorization, data gaps were identified mostly regarding supply chain’s downstream. 
Whereas production systems have a sufficiently effective data monitoring system.
51 
3.2 BLOCKCHAIN 
3.2.1 TECHNICAL BACKGROUND 
In the midst of the last economic crisis, and growing distrust in the banking industry, 
Nakamoto (2008) introduced two ideas that have had substantial impact and provided opportunity 
for additional innovation. The first idea was ‘Bitcoin’, a peer‐to‐peer and decentralized currency 
that does not have any government or other central backing. The second idea was the notion of 
blockchain, which is a public ledger that uses a peer‐to‐peer approach to capture a chronological 
database of transactions with an ‘append’ only approach that allows immutability of the distributed 
databases. 
Notwithstanding, the use of the term “shared ledger” to indicate any database, ledger, and 
application that is shared by an industry, a private consortium, or that is open to the public, is prior 
to Nakamoto’s publication (Sternberg & Baruffaldi, 2018). Shared ledger technologies, or 
Distributed Ledger Technologies (DLT), provide an original framework that has the potential to 
radically change business collaboration across several sectors, among them: finance, healthcare, 
and supply chain (Hull et al., 2016). Moreover, distributed ledgers are decentralized in order to 
eliminate the need of a unique trusted authority and enhance robustness. 
Blockchain uses mutually distributed ledgers that have been built on a series of innovations 
used for organizing and sharing digital data. Different definitions can portrait the nature of 
blockchain, this study will understand it as it follows (Seebacher & Schüritz, 2017): 
 “A blockchain is a distributed database, which is shared among and 
agreed upon a peer-to-peer network. It consists of a linked sequence of 
blocks (a storage unit of transaction), holding timestamped transactions that 
are secured by public-key cryptography (i.e., “hash”) and verified by the 
network community. Once an element is appended to the blockchain, it 
cannot be altered, turning a blockchain into an immutable record of past 
activity.”  
The process of “hashing” transforms tangible (e.g., raw material) and intangible (e.g., 
ownership of a file) assets into a digitally encoded “token” and can be registered, tracked, and 
traded with a private key on a given blockchain (Francisco & Swanson, 2018). On a broader and 
simpler scale, blockchain solutions can be illustrated as in Figure 3.13, where the data structure 
is usually composed by Merkle Trees and on top of that the chain of blocks can be built. Enabling 
the continuous adding of new blocks according to fulfilled transactions and respective consensus. 
Finally, depending on the structure of the blockchain, different applications can be executed. 
The ledger in the blockchain is validated and preserved by a network node (user) in 
pursuance of consensus mechanism (a collection of rules that allow users to reach a mutual 
agreement) thereby a central authority or intermediary is not required (Tama et al., 2017). 
Appendix J provides a review of the two most common methods of consensus: Proof of Work and 
Proof of Stake. A distributed system, like a Blockchain, holds benefits over centralized 
architectures (e.g. government, current banking system and large corporations) as it provides the 
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same verified information to all network members. It creates trust between the parties by 
eliminating the need for trust in third parties. Blockchain can record the transfer of assets between 
two parties, without the need of a trusted intermediary (Hackius, 2017). Such assets could be 
digital money, but also carbon credits or other deeds of ownership. Appendix K illustrates 
blockchain’s process from the request to execution and ultimate validation of a transaction. 
 
Figure 3.13 - Different layers in a blockchain solution (Verma, Desai, Preece, & Taylor, 2017). 
Blockchain technology is not just only single one technique, but contains cryptography, 
mathematics, algorithm and economic model, combining peer-to-peer networks and using 
distributed consensus algorithm to solve traditional distributed database synchronize problem, it’s 
an integrated multi-field infrastructure construction (Lin & Liao, 2017). Blockchain technologies 
can be composed of 5 key elements (Iansiti & Lakhani, 2017): 
1) Distributed database: Each party on a blockchain has access to the entire database 
and its complete history. No single party controls the data or the information. Every party 
can verify the records of its transaction partners directly, without an intermediary. 
Hence, making the ledger auditable to users who are entitled to do so. 
2) Peer-to-peer transmission: Communication occurs directly between peers instead of 
through a central node. Each node stores and forwards information to all other nodes. 
3) Transparency with pseudonymity: Every transaction and its associated value are 
visible to anyone with access to the system. Each node, or user, on a blockchain has a 
unique 30-plus-character alphanumeric address that identifies it. Users can choose to 
remain anonymous or provide proof of their identity to others. Transactions occur 
between blockchain addresses. 
4) Irreversibility of records: Once a transaction is entered in the database and the 
accounts are updated, the records cannot be altered, because they’re linked to every 
transaction record that came before them (hence the term “chain”). Various 
computational algorithms and approaches are deployed to ensure that the recording on 
the database is permanent, chronologically ordered, and available to all others on the 
network. 
5) Computational logic: The digital nature of the ledger means that blockchain 
transactions can be tied to computational logic and in essence programmed. So users 
can set up algorithms and rules that automatically trigger transactions between nodes. 
A particular feature of operating in a digital environment is the possibility of creating 
algorithms and programs that can be partially or fully executed or enforced when certain 
conditions occur without human interaction—a feature known as “smart contracts” (Mansfield-
Devine, 2017). Smart contract code simply denotes software written in a programming language. 
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It acts as a software agent or delegate of the party that employed it with the intention that it fulfils 
certain obligations, exercises rights and may take control of assets within a distributed ledger in 
an automated way.  
Smart contract code is deployed with a specific type of transaction. As with any other 
blockchain transaction, the deployment of smart contract code to the blockchain is immutable. 
Once deployed, smart contracts offer a way to execute code directly on the blockchain network, 
for instance to transfer money if a certain condition is fulfilled. This way, untrusted parties can 
establish trust in the truthful execution of the code (Mendling et al., 2017). Smart contracts can 
be used to implement business collaborations in general, and inter-organizational business 
processes in particular. The potential of blockchain-based distributed ledgers to enable 
collaboration in open environments has been successfully tested in diverse fields ranging from 
diamonds trading to securities settlement (Tama et al., 2017). 
The activities and applications of blockchain can be classified (Swan, 2015) under three 
broad categories: (1) Blockchain 1.0 embeds all the aspects related to currency and digital 
payment systems, e.g. Bitcoin (Appendix L), (2) Blockchain 2.0 includes economic, market, and 
financial applications that extend Blockchain 1.0, e.g. smart contracts, (3) Blockchain 3.0 is all 
applications beyond (1) and (2), e.g. government, art, and health. In illustrating (3), Swan hypes 
the extensibility of blockchain as the potential deployment of the blockchain core technology 
concepts in every field. 
Table 3.3 - Comparison between open and closed blockchain structures (Ølnes, Ubacht, & Janssen, 2017; 
Valenta & Sandner, 2017). 
 Open blockchain Closed blockchain 
Who can update Everybody Appointed entities 
Who can produce data All users Customers and/or partners 
Incentive to follow rules Economic Reputation 
Mode of operation Permissionless, public or private Permissioned, private or consortium 
Storage Distributed Centralized 
Consensus Mining based on PoW Allows multiple approaches 
Trust central actors No Yes 
Transaction costs Varies from low to high Low 
Capacity/throughput Low/slow High/fast 
Immutability Strong Unclear 
Currency/token Yes No 
Examples Bitcoin, Ethereum Hyperledger, Corda 
Current blockchain development allows to distinguish public from private, and 
permissionless from permissioned systems. Subsequently influencing the structure of the 
blockchain regarding the distributed database properties, consensus method or even how user 
write on the blockchain (O’Leary, 2017; Sternberg & Baruffaldi, 2018).  For the purpose of this 
study, only two types are considered: open blockchain and closed blockchain. Open blockchains 
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are typically used by known or anonymous entities, because their purpose involves a bigger scale 
than closed blockchain. Being permissionless, allows for anyone to join the existing ledger, 
whereas closed blockchains require entities to be given permission to enter the ledger, with 
restricted access to write on it or visualize its content. The latter type of blockchain is mostly used 
in business environments where data sensibility is higher, and users demand for better stability 
and accountability. A summary of the characteristics of each type is presented in Table 3.3. 
3.2.2 SUPPLY CHAIN APPLICATION 
WHY DO SUPPLY CHAINS NEED BLOCKCHAIN? 
Blockchain properties have opened the door to a series of different solutions that range 
from the field of finance, to governance and healthcare. Typically, the narrative consists of an 
innovative solution that addresses current and recognizable problems, generating disruption and 
stressing the idea of transparency in processes and systems. Among them, SCM and logistics is 
a field where blockchain technology shows to be advantageous since it creates a platform where 
every player may access and share information, upon pre-existing rules. 
Although there have been many related research projects and studies to resolve the series 
of problems in SCM arising from the lack of trust, it is still a difficult problem for currently used 
technologies. The root cause is that a traditional centralized trust mechanism cannot completely 
solve these three challenges (S. Chen et al., 2017):  
1) Self-interests of the supply chain members;  
2) Information asymmetry in the production process; 
3) Cost of quality testing and technical limitations.  
Additionally, a lot of information goes up to the upper echelons of the supply chain, but it is 
not sufficiently used in the reverse direction to direct the supply chain in the sense of effective 
adaptive control (Musa, Gunasekaran, & Yusuf, 2014). Real-time data collected at the frontline, 
is necessary for directing the supply chain. 
Similar to supply chain traceability, the supply chain concept of transparency embodies 
information readily available to end-users and firms in a supply chain. Transparency, or visibility, 
can be defined as the openness of specific information to a set of actors (Nakasumi, 2017). Supply 
chains need to transparently supply all actors with knowledge, normalizing information leverage 
during negotiations and providing more information about component origins and processes 
(Lamming, Caldwell, Harrison, & Phillips, 2001). Furthermore, enhanced transparency may 
reduce logistical costs and improve operational performance via multi-tiered global supply 
demand networks (Nakasumi, 2017). 
Supply chain transparency drives the adoption of socially responsible practices, since 
companies became more open to judgment by customers and fellow stakeholders. Besides that, 
customer purchase behaviour is influenced by the amount and quality of information associated 
with a certain product (Awaysheh & Klassen, 2010). The adoptions of such practices, create 
conditions that force competitors to match those same actions, especially for those with valuable, 
high visibility brand names. 
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Supply chains are complex inter-organizational entities, characterized by information, 
material and financial flows that require their effective management. The use of immutable, 
transparent, distributed ledgers and smart contracts, are key properties to address SCM 
challenges (Saberi, Kouhizadeh, & Sarkis, 2018). 
HOW TO INTEGRATE BLOCKCHAIN IN SUPPLY CHAIN MANAGEMENT? 
Whenever goods and related documentation (e.g., bills of lading or ship notifications) pass 
from one actor in the supply chain to another, items are subject to counterfeiting or theft. To 
protect from this, blockchain technology involves the creation of a digital “token” which is 
associated with physical items when they are created. The final recipient of the item can then 
authenticate the token which can follow the history of the item to its point of origin. End users 
have more confidence in the information they receive since the no one entity or group of entities 
can arbitrarily change the information contained within the blockchain. Due to most goods’ linear 
flow from material origin to final consumer, blockchain is a suitable technology to enable supply 
chain traceability. Since goods and their associated “tokens” usually are not traded between 
competitors within in a given blockchain, this operational facet helps maintain anonymity. As such, 
participant confidentiality may be maintained (Francisco & Swanson, 2018). 
Typically, supply chain applications of the blockchain technology include proof of origin and 
traceability, inventory, demand levels sharing, and enforcement of regulations for pharmaceutical 
and food products (Wu et al., 2017). Mostly, through security verification, secure transactions and 
rapid processing via smart contracts (Francisco & Swanson, 2018). Hereby follows some of the 
strategies and architectures proposed by the scientific community. 
 
Figure 3.14 - System architecture diagram (Chen et al., 2017). 
Considering the several layers within a supply chain, Chen et al. (2017) proposed a model 
where blockchain acts as the intermediary between a data registering IoT and sensor layer and 
the business layer. Being the latter, the ecosystem where all the stakeholders of a given supply 
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chain, make decisions and maintain their business relationships. The purpose of the proposed 
framework is to provide a theoretical basis to intelligent quality management of supply chain 
based on the blockchain technology. Figure 3.14 illustrates the model proposed, being the data 
and contract layer the ecosystems where blockchain creates a competitive advantage. The 
bottom layer represents the IoT sensor layer, where electronic devices (e.g. GPS, codes, tags or 
internal information systems) are able to record data and transmitted it to the second layer, or 
simply to serve as an entry point. The second layer holds and stores data, including blockchain 
properties in the Data layer, allows for a frictionless access to a distributed ledger. Thereby, 
facilitating recording and immutability of information since miners keep a copy of the on growing 
blockchain. 
However, data sharing is not enough. The contract layer intends to use blockchain smart 
contract properties to manage privacy issues and use digital identities to control the access 
authority to the data. With the real time data about qualities, smart contracts can execute real 
time quality monitoring and control. With the logistics data, smart contracts are able to plan 
logistics automatically. Moreover, commercial contracts can execute automatically and efficiently 
with transaction data and smart contracts. Smart contracts also facilitate requirements of 
customers transmit from retailers to manufacturers and then to suppliers (S. Chen et al., 2017). 
Finally, the top layer includes all the business activities in the enterprises. Managing information 
and making decisions considering the distribution of data and execution of smart contracts. 
Furthermore, authors clearly explain how real time quality monitoring and control, digital identity, 
contract automation and logistics planning can be executed inside this blockchain-based solution 
for SCM (S. Chen et al., 2017).  
Abayratne and Monfared also proposed a model intended for the application of blockchain 
in supply chain for manufacturing systems. The proposes approach comprises of a decentralized 
distributed system that uses blockchain(s) to collect, store and manage key product information 
of each product throughout its life cycle. This creates a secure, shared record of exchange for 
each product along with specific product information. The model behind it, illustrated in Figure 
3.15, involves a set of specific actors who would contribute to the system in a unique way in order 
to satisfy the needs of its participants. The types of actors would consist of registrars – who 
provide unique identities to actors on the network; standards organizations – who define the 
standards to which stakeholders agree on and consumers are looking for; certifiers – who provide 
certifications to actors, closely working with registrars; producers, manufacturers, distributers, 
retailers and waste management – who enter key product specific data on the blockchain; and 
consumers – the ones who purchase the products and request access to the data available on 
the blockchain (Abeyratne & Monfared, 2016). 
Actors would also have their own digital profile on the network, which is created upon 
registration. This profile displays information such as their description, location, certifications and 
association with products. A product that has been signed by an actor would have a link from the 
product profile to the actor’s profile. The system allows actors to change the privacy of their profile 
to different types of actors. Actors can choose to remain completely anonymous, however must 
be certified by a registered auditor or certifier to maintain the trust in the system. Upon registration, 
a public and private cryptographic key pair are generated for each actor. The public key identifies 
the actor within the network and the private key authenticates the actor when interacting with the 
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system. Actors can only interact with the network by cryptographically authenticating themselves 
using their private key. This allows each product to be digitally signed by the actors when being 
exchanged or added to further down in the supply chain (Abeyratne & Monfared, 2016). 
Each product would have a unique digital profile containing all related information, 
populated during various life cycle stages. Each product would be attached with an information 
tag, which could be in the form of a barcode, RFID or QR code. Acting as the sensor layer. This 
tag represents a unique digital cryptographic identifier that links a physical product to its virtual 
identity on the network. This virtual identity is presented on the system software as a part of the 
product digital profile (Abeyratne & Monfared, 2016). The authors go and further detail the 
process behind data entry and data access. A specific scenario is discussed where the proposed 
model attempts to address the manufacturing supply chain for a cardboard box. 
 
Figure 3.15 - Overview of the proposed concept for a supply chain system based on the blockchain 
(Abeyratne & Monfared, 2016). 
Some other proposed models detail different aspects of blockchain properties towards its 
applications in SCM. For instances, a novel blockchain-based product ownership management 
system for the post supply chain, which makes the efforts of counterfeiters to clone genuine tags 
redundant since they cannot prove the possession of products on this system. Enabling 
customers to reject the purchase of counterfeits, even with a genuine electronic product code 
(EPC), under the condition that the seller does not possess their ownership (Toyoda, Takis 
Mathiopoulos, Sasase, & Ohtsuki, 2017). Others attempt to create a hybrid solution, considering 
a public-private ledger architecture in order to deliver independently validated shipment tracking 
information to all stakeholders in pseudo real-time. Under the premise that public ledgers may 
not be attractive to industries and the private sector, at the same time that private ledgers limit 
58 
the intended utility of the technology (Wu et al., 2017). In the same note, O’Leary (2017) 
investigates and relates three sets of characteristics of blockchain: private versus public, 
decentralization versus centralization and peer to peer versus cloud. Proposing four alternatives 
for blockchain architectures and some of the strengths and limitations of those architectures. 
Thereby accounting for different relationships between the agents involved in the transactions. 
WHAT BENEFITS CAN BE OBTAINED? 
Some of the most prominent supply chain applications regard the ease of paperwork 
processing, help to identify counterfeit products, facilitate origin tracking and operate the Internet 
of Things (Hackius, 2017). Furthermore, the prerogative of blockchain on creating a virtually 
trusted environment has the potential to impact business processes integration and, 
consequently, on operational and business performance (Sternberg & Baruffaldi, 2018). 
Blockchain helps companies evaluate and mitigate supply chain risks by providing reliable means 
to track and trace product’s origins and processes. It offers a cost benefit opportunity for distinct 
businesses to showcase the virtues of their supply chain. Giving a significant advantage to less 
established businesses, while leveraging the provenance of their products and services with 
objective data to back up such claims (Francisco & Swanson, 2018). 
The global extension of blockchain and the ability to independently enable each involved 
party to monitor the on growing set of information, provides a suitable basis for continuous 
conformance and compliance checking of service-level agreements. Data exchange via the 
blockchain, allows to verify if a process instance meets the original process model and the 
contractual obligations of all involved process stakeholders (Mendling et al., 2017). Blockchain 
technology simplifies B2B integration and enables micro level IoT integration, based on peer-to-
peer networks. The distributed ledger technology, promised security and smart contract platforms 
may offer tools to build a cost-effective and flexible digital supply chain network (Korpela et al., 
2017). A strategic sharing of information between supply chain actors, favours the improvement 
of coordination, communication, and process integration. 
Key IoT technologies, sensors and tags, can provide a considerable amount of data that 
has to be managed in order to ensure data security and, more importantly, confidence in the data 
quality. The conditions provided by blockchain ecosystems, seem to point it out as an appealing 
solution, facilitating the record and transaction of information (Huckle, Bhattacharya, White, & 
Beloff, 2016). Furthermore, the transaction of information between stakeholders doesn’t have to 
be trusted in the hands of third-parties, where they are susceptible to steals and misuse. Instead, 
users should own and control their data without compromising security or limiting companies' and 
authorities' ability to provide encrypted transactions. Moreover, laws and regulations could be 
programmed into the blockchain itself, so that they are enforced automatically. In other situations, 
the ledger can act as legal evidence for accessing (or storing) data (Nakasumi, 2017). 
Based on the field of Supply Chain Finance (SCF), as the development of technological 
solutions favouring the collaboration among businesses and the speed-up of cash flows, Hofmann 
et al. (2018) explore the potential benefits of the introduction of blockchain-based solutions to 
SCF. While agreeing in claiming that blockchain would not scatter the rules of SCF, the authors 
underline how blockchain technology could enable SFC to speed up processes, make leaner 
structures and offer less-costly services. Particularly, they estimate blockchain would simplify the 
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onboarding of suppliers onto SCF platforms, favouring the inclusion of the long-tail supplier-base. 
Moreover, blockchain based platform allowing the issuance of trade related documents could 
affect SFC improving the ability to track the goods flows and leading to faster payments (Hofmann, 
Strewe, & Bosia, 2018). 
Blockchain applications towards supply chain management have generated enough case 
studies to conduct minimum scientific research regarding the matter. Kshetri (2018) has identified 
the different roles blockchain technology has in achieving various strategic supply chain 
objectives. Thus, showing evidence of its benefits. Table 3.4 summarizes the conclusions of 
Kshetri’s efforts to aggregate the impact of blockchain technology in SCM. Performance indicators 
comprise the cost supply chains have to bare in order to proceed the activities. The speed to 
which these activities are performed. The level of dependability from other actors, since supply 
chains are typically composed by distinct organizations. The ability to reduce risk, assuring a 
trustworthy flow of products or services. The degree of sustainable practices. Finally, flexibility, 
which is the ability to provide products and services in a timely and cost-effective manner, in a 
changing competitive environment. 
 The validation of digital identities transacting immutable digital information, in a public 
ledger, acts as the main advantage of blockchain. Considering the integration of IoT, sensors and 
tags, it enables to use blockchain technology in the most effective and cross-sectoral way. Where 
digital identities may represent both individuals and machines. Blockchain will benefit from an 
enriching IoT ecosystem, which is likely to make tracking possible and more accurate. Thereby 
creating a more reliable transparent supply chain, made accessible via the blockchain. Increased 
transparency allows decision makers to consider factors previously unknown due to supply chain 
asynchronous or obscured information. Having a direct impact in costs management and speed 
of operations (Kshetri, 2018). 
In addition, the inclusion of certification schemes, and clear auditability over the system, 
makes a blockchain-based solution a reliable source of information. Established trust among 
stakeholders enables them to proceed with transaction in a more efficient manner. It shows to be 
a more cost-benefit solution, when compared to other technologies, being able to store and share 
quantifiable data regarding sustainability indicators. It provides rural areas and emerging 
countries with access to a reliable source of information under developed communities, without 
ever owning a central database. As each actor interacts with the blockchain, it ultimately reaches 
the final consumer. Satisfying the need of current consumers to be aware and informed about the 
origin of their products (Kshetri, 2018). 
The beneficial impacts of blockchain are directly related with its network effect. The value 
of blockchain increases as more players join the network. However, if the supply chain remains 
fragmented, even if some suppliers upload and share information via blockchain it will soon 
resemble data silos individually owned by organizations. In some cases, larger companies can 
exert normative pressure on other supply chain members to influence their blockchain adoption. 
For instances, if a retailer wishes to provide consumers with supply chain information, it may 
reach a network of suppliers, distributers and producers. Therefore, increasing the full potential 
of blockchain’s benefits (Kshetri, 2018). 
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Table 3.4 - The roles of blockchain in achieving the various strategic supply chain objectives (Kshetri, 
2018) 
Supply Chain 
performance 
dimension 
Blockchain’s roles Mechanisms involved 
Cost 
Economic sense to generate a blockchain code even 
for small transactions 
Zero or low marginal costs to generate blockchain code 
if technologies such as IoT have already been used to 
detect, measure, and track key SCM processes 
Identify the source of defective products and engage 
in strategic removals of affected products instead of 
recalling the entire product line 
Detection, measurement, and tracking of key SCM 
processes with IoT 
Allocate just the right amount of resources to perform 
shipping and other activities 
Detection, measurement, and tracking of key SCM 
processes with IoT 
Elimination of paper records Digitally signed documents’ secure storage and 
transmission can validate the identities of individuals 
and assets 
Regulatory compliance costs can be reduced Auditable data can be provided to satisfy regulators 
Supply chain partners are not able to use low quality 
and counterfeit ingredients 
A tool to improve integrity and traceability in the food 
supply chains to fight against low quality and counterfeit 
products 
Can provide data that can be used to assess useful, 
meaningful and representative indicators for 
describing quality 
Data related to temperature, humidity, motion, light 
conditions, chemical composition from IoT devices or 
sensors on equipment 
Speed 
Speed can be increased by digitizing physical 
process and reducing interactions and 
communications 
Digitally signed documents’ can minimize the needs of 
physical interactions and communications 
Dependability 
Supply chain partners can expect a high level of 
dependability of measurement for various indicators 
such as quality and weights 
Can be integrated with applications such as mobile 
robot 
Exerting pressure on supply chain partners to be 
more responsible and accountable for their actions. 
Digitally signed documents’ make it possible to know 
who is performing what actions, when and where 
Blockchain-based digital certification as a means of 
increasing dependability 
Supply-chain certification processes to verify 
provenance 
Blockchain’s “super audit trail” can address 
challenges associated with self-reported data that are 
provided by supply chain partners 
Detection, measurement, and tracking of key SCM 
processes with IoT 
Risk reduction 
Only parties mutually accepted in the network can 
engage in transactions in specific touchpoint 
Validation of the identities of individuals participating in 
transactions 
Can ensure that software file downloaded has not 
been breached 
Fool proof method for confirmed identity can reduce 
cybersecurity-related risks 
Sustainability 
Make indicators related to sustainability more 
quantifiable and more meaningful 
Validation of the identities and actions of individuals 
participating in the supply chain 
Flexibility 
The power of this solution increases with the network 
effect. 
Detection, measurement, and tracking of key SCM 
processes with IoT and certification schemes 
Higher level of impact with deeper IoT integration in 
logistics and supply chain 
IoT increased implementation makes tracking possible 
and more accurate, in a cost-effective way 
Inform consumers about the source of their food by 
providing indicators related to sustainability more 
quantifiable and more meaningful 
Blockchain can deliver higher value when consumers 
become more concerned about the sources of their 
foods and beverages 
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3.2.3 LIMITATIONS AND CHALLENGES 
In spite of blockchain apparent solve-it-all resolution, multiple limitations and challenges 
are associated with its adoption. The first and foremost challenge, is the lack of awareness of the 
technology, especially in sectors other than banking (Mendling et al., 2017). A widespread lack 
of understanding about how it actually works and its implementation, are hampering investment 
and the exploration of new ideas. In the academic sphere, despite of blockchain’s growing 
literature, studies on the topic reveal a lack of high quality journals publications. Currently, most 
of the research is published in conferences, symposiums and workshops (Yli-Huumo et al., 2016). 
Some of the cynicism for blockchain derives from Gartner’s “hype cycle”. The hype cycle 
states that new technologies will go through phases including “technology trigger”, “peak of 
inflated expectations”, “trough of disillusionment”, “slope of enlightment”, and “plateau of 
productivity”. The substantial and almost overwhelming ‘hype’ associated with Bitcoin and the 
related technologies of blockchain, had carry ‘blockchain’ to the peak of Gartner’s “hype cycle” in 
the summer of 2016. On the last Gartner report for emerging technologies, ‘blockchain’ appears 
falling to the ‘trough of disillusionment’ with an expectancy to reach plateau in the next 5 to 10 
years (Walker, 2017). Figure 3.16 illustrates blockchain’s relative position among emerging 
technologies for 2017, in the middle of ‘Cognitive Computing’ and ‘Commercial UAVs’. Such 
progress and expectation show how blockchain applications have been perceived and handled 
till now. Only now is blockchain ready to let go of all unreasonable expectations and focus on real 
case scenarios. 
 
Figure 3.16 – Gartner’s hype cycle for emerging technologies (Walker, 2017). 
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When it comes to actually develop and implement blockchain-based solution, it has been 
estimated that adopting blockchain is about 80 per cent business process change and 20 per 
cent technology implementation (Deloitte, 2016b). Therefore, limitations and challenges can be 
perceived as technological and organizational or cultural.  
TECHNOLOGICAL 
Regarding technological limitations, it may include: cost of deployment, scalability, 
interoperability, latency, time verification, privacy and security, competing technologies, 
technology immaturity, lack of standards, wasted resources, usability, hard forks and multiple 
chains (Swan, 2015; Yli-Huumo et al., 2016). 
An important issue is whether blockchain can outperform current technologies by being 
cheaper, better or faster, when it comes to transaction processing activities. Unfortunately, there 
has been limited conversation about that redundancy and the resulting costs. Since current 
technologies are already at use, the expected approach would be the integration across 
technologies, ultimately generating ‘hybrid’ systems. Imbedding useful blockchain characteristics, 
calls for a reengineering of existing processes, rather than just its full automation (O’Leary, 2017). 
Blockchain’s ability to store and share information on a public distributed ledger, makes it 
compete directly with centralized databases. Currently, blockchain networks will always be slower 
than centralized databases because of three additional processes it undertakes: cryptographic 
verification, consensus mechanisms, redundancy. The trade-off however, is that blockchain 
networks are more robust than centralized databases which rely on expensive infrastructure, such 
as backup systems (Luu et al., 2016). Furthermore, its distributed architecture allows for the 
interoperability among users that can independently interact with the network. 
Although the blockchain network gains value as more users join the network, the scalability 
issue is unresolved. Blockchain protocols (mostly public systems) face serious scalability 
obstacles since transaction processing rates are limited by block size and block interval. 
Something that occurs as the transactions number increases and more validators join the network 
(Luu et al., 2016). Besides that, interoperability between different blockchains is something that 
should be considered as a bottleneck for transactions between players with different blockchain 
internal systems. 
In open blockchains, decentralization of computational power and consensus reaching 
increases latency in the system, compromising businesses operations (Verma et al., 2017). At 
the core of the problem of reducing block time is the issue of security since the faster the block 
time, the more centralization of processing is needed. This trade-off is such that fast processing 
time, maximum decentralization, and minimal system overhead are in direct conflict (Kyle Wang, 
2017).  
Furthermore, consensus mechanisms in open systems usually involve Proof of Work 
(PoW). In Bitcoin’s blockchain, the mining process wastes huge amounts of energy 
($15million/day) (Yli-Huumo et al., 2016). It was estimated that the annual energy consumption 
of Bitcoin and Ethereum combined was 42,67 TWh, which represents 0,19% of the world’s 
electricity consumption (The Beam, 2017). Both cryptocurrencies share 63% of the 
cryptocurrency market cap (CoinMarketCap, 2018). Considering the growing market of 
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cryptocurrencies and future blockchain applications, energy related issues will rise and 
compromise climate change policies, for instances. Nevertheless, not all public blockchains are 
limited by PoW, Proof of Stake (PoS) is a mechanism that has been gaining attention from major 
players (consensus mechanisms are explain in Appendix J). 
For instances, Ethereum, “blockchain 2.0”, achieves its security and block time goals using 
crypto economics (i.e., cryptography and economic incentives) which will ultimately change 
network security protocols from proof of work to proof of stake. The risk of centralization for faster 
block time can be mitigated then, using randomizing determinants, and sharding whereby every 
user on the chain interacts with only a small portion of the chain and execution is parallelized and 
split across all nodes (Kyle Wang, 2017). 
Proof of work is useful on a public blockchain, such as the one used for bitcoin, but it 
consumes considerable computing power and electricity, making it an expensive way to reach 
consensus. Such an expense is unnecessary on a private business network where all participants 
are known (Manav Gupta, 2017). Corporate-designed blockchains, such as Hyperledger, create 
a platform were tokenization and consensus reaching are unnecessary. However, in order to that, 
one of the main elements of bitcoin’s success is neglected: the decentralized structure. This 
feature can make such system more vulnerable to attack. It arguably “concentrates power in a 
handful of entities” (Kshetri, 2018). By moving to PoS consensus, Ethereum’s blockchain gains 
competitive advantage towards private/closed blockchains, since it holds the structure of 
decentralization of power and network’s validation. 
Finally, even though standards for blockchain networks are eventually established and 
implemented, the boundary between the physical and virtual worlds will always be a bit more 
lawless (Kshetri, 2018). Blockchain can only keep record of virtual attributes, if the physical object 
is tamed, blockchain can only help to understand where and when the action occurred. Not 
necessarily notify relevant stakeholders about the physical tampering. Only digital information is 
immutable. 
ORGANIZATIONAL AND CULTURAL 
There are also organizational, cultural, and behavioural concerns to take full advantage of 
blockchain technology. Some concerns include: management support, organizational policies 
and a culture for blockchain adoption, governmental support, and employees’ expertise and 
knowledge (Saberi et al., 2018). 
The global supply chain operates in a complex environment that requires various parties 
to comply with diverse laws, regulations and institutions (Kshetri, 2018). For instances, blockchain 
cannot meet the need for standardization of electronic supply chain documents. International 
document standards must be relied on for that purpose (Korpela et al., 2017). Only when 
considering further developments to ensure automated transfer of documents between 
organizations, blockchain can be used to execute transactions and document exchange quickly, 
reliably and at low cost. Korpela and Hallikas (2017) further present a solution involving private 
and public cloud services, while using blockchain as an intermediate solution based on cloud 
integration. 
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Integration of blockchain with current practices should not only be considered regarding 
other technologies, but also in line with regulatory systems. Blockchain applications should work 
within existing regulatory structures, not outside of them (Deloitte, 2016b). Which means that 
regulators in all industries should understand the technology and its impact on the businesses 
and consumers in their sector. However, the legal status of some blockchain applications, like 
Decentralized Autonomous Organizations (DAO), is still unclear, due to their novelty, implications 
on taxation and labour law (Belle, 2018). And despite legislative bodies, such as the European 
Commission, have started taskforces to explore and support the introduction of blockchain in 
processes, it will – based on former processes (e.g. electronic signature) – take some years until 
legal certainty will be achieved (Hofmann et al., 2018). 
Blockchain applications must harness network effects to deliver value to consumers or to 
sectors at large, thus the need for organisations to work together on areas of shared pain or 
shared opportunity (Deloitte, 2016b). However, bringing all the relevant parties together can be a 
difficult undertaking in many cases (Kshetri, 2018). For instances, not all countries are ready to 
participate in blockchain-based solutions. Many supply chain partners may be located in 
developing countries which are not ready to adopt blockchain, due to technological limitations. 
Without their participation it is difficult to realize the full potential of blockchain in supply chain. 
Further studies suggest that companies and individuals need to have clear incentives to 
implement and use blockchain technology (Sternberg & Baruffaldi, 2018). While some potential 
benefits are present, as of today, it is not apparent how they will be realized. 
The fact that some of blockchain applications require smart transactions and contracts to 
be indisputably linked to known identities, it raises important concerns about privacy and the 
security of the data stored and accessible on the shared ledger (Deloitte, 2016b). Driving public 
acceptance of blockchain applications will likely mean proactively framing the discussion of 
privacy around concepts of value, security and trust. 
The function of blockchain applications is limited to scenarios where transaction protocol 
can be programmed in a way that anticipates and manages to coordinate all types of user 
behaviours. Thus, they require a high understanding of the social and cultural mechanisms 
underpinning the processes that are to be moved from the overview of a third party to a 
decentralized self-regulating system (Belle, 2018). The application of blockchain technology to 
business ecosystems is economically reasonable only, when the cost of verification lies below 
the cost of the intermediary. 
When considering the adoption of blockchain by the logistics industry, differences were 
identified between logisticians, on one hand, and consultants and scientists on the other. As result 
of the survey among the different actors, several barriers for blockchain adoption were classified 
by order of importance. Regulatory uncertainty was pointed out as the main barrier, followed by 
the need for different parties to join forces, lack of technological maturity and the lack of 
acceptance in the logistics industry. Moreover, logisticians have difficulties getting a clear idea of 
the benefits and use cases, while consultants and scientists worry about the technological 
maturity of blockchain (Hackius, 2017). The authors also stress that small-scale experiments with 
blockchain are vital to understand the barriers and benefits of this technology. 
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Blockchain can be understood as a distributed ledger technology. It keeps a public record of the 
transactions of digital data between two or more parties. A mechanism of consensus allows to 
distribute verified and reliable data across the network, without the need of a central authority. 
Customizable access restrictions to the distributed dataset and smart contracts are some of the 
features that captivate businesses to operate in the blockchain. 
Complex supply chains are exposed to a level of uncertainty and risk when dealing with multiple 
stakeholders or products and processes that rely on high quality standards. Blockchain has been 
introduced to the field of supply chain management since it serves as a public reliable ledger. 
Different actors can store and access information upon verifying their identity. Innovative models 
have been proposed on how blockchain should integrate current systems. Typically, it would 
serve as a shared database for data gathered via IoT, sensors and tags. With the advantage that 
smart contracts would allow the protection and transaction of these data to the designated players 
of a certain supply chain. However, blockchain-based solutions need the involvement of distinct 
actors who provide a secure and sustainable infrastructure. Due to increased transparency of the 
whole system, the benefits associated with the integration of such technology may involve 
multiple dimensions of the supply chain. Its network effect requires the inclusion of every tier of 
the supply chain to achieve the full potential of its benefits. 
Nevertheless, as it happens to any emergent technology, technological and organizational 
challenges arise with its adoption. Gartner’s hype cycle predicts that blockchain technology is 
crossing the stage of disillusionment, before attaining a solid commercial status. Regarding the 
technical limitations, scalability and privacy issues are stressed because of the lack of research 
and short experimental period. Organizational challenges arise with the idea that blockchain may 
disrupt current systems, and benefits of its adoption are not yet understood by some. In addition, 
the need for standardization of processes may compromise the inclusion of certain actors. 
3.3 DIFFUSION OF INNOVATION THEORY 
Innovations are characterised to being diffused according to different development stages 
and they entail an economic importance for their developers and users. Essential for innovations 
is to regard them as a process in which an idea creates the perception that a different approach 
can provide better results (Sahin, 2006). Blockchain technology could be comparable to this, 
based on its advocation of change in the execution of transactions and payments systems. 
Blockchain is considered as a decentralized payment system and has been label as a tool within 
banking and finance (Nakamoto, 2008; Swan, 2015). However, it’s implementation and research 
developed in other fields of knowledge and industries, reveals its ability to serve multiple purposes 
and needs. This also corresponds to Rogers (2003) considering innovation as an element that 
may be taken from one area and implemented in another. In addition, Rogers (2003) identifies 
innovation as the perception of a new idea, by an individual or other unit of adoption. 
The Diffusion of Innovation theory is often regarded as a valuable change model for guiding 
technological innovation. Considering that the innovation itself is upgraded in ways that meet the 
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needs across all levels of adopters. It also stresses the importance of communication and peer 
networking within the adoption process. 
The diffusion of innovation refers to the process that occurs as people adopt a new idea, 
product or practice. Rogers mapped out this process, stressing that in most cases, an initial few 
are open to the new idea and adopt its use. As these early innovators ‘spread the word’ more and 
more people become open to it which leads to the development of a critical mass. Over time, the 
innovative idea or product becomes diffused amongst the population until a saturation point is 
achieved. Rogers distinguished five categories of adopters of an innovation: innovators, early 
adopters, early majority, late majority, and laggards (Rogers, 2003). 
Rogers (2003) explained that diffusion of innovation was the process by which an 
innovation is communicated through certain channels over time among members of a social 
system. It is important to examine why some innovations are successful, while others never 
become widely accepted. Five distinct innovation characteristics have been identified by Rogers 
to explain this occurrence. These characteristics include observability, relative advantage, 
compatibility, trialability, and complexity. These characteristics also provide a valuable evaluation 
list for technology project leaders to apply when first considering innovative changes (Kaminski, 
2012). 
 
Figure 3.17 – The adoption distribution by the different segments of society (Les Robinson, 2009). 
 “Diffusion of Innovation Theory is used to accelerate the adoption of important public 
health programs that typically aim to change the behaviour of a social system. For example, an 
intervention to address a public health problem is developed, and the intervention is promoted to 
people in a social system with the goal of adoption (based on Diffusion of Innovation Theory). 
The most successful adoption of a public health program results from understanding the target 
population and the factors influencing their rate of adoption” (Les Robinson, 2009). 
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4 EMPIRICAL FINDINGS 
Empirical findings are presented in the form of case studies, englobing three distinct fields: 
agriculture (4.1), food industry (4.2) and bio-based industries (4.3). A crosswise solution (4.4) 
chapter is added due to the ability of one company’s solution to fit multiple fields and fill different 
purposes. Case studies are showcased with the following structure: context about organizations 
and problem to be addressed, strategy undertaken by the parties involved (using blockchain), 
potential benefits and tangible outcomes. 
4.1 AGRICULTURE  
BLOCKCHAIN: THE EVOLUTIONARY NEXT STEP FOR  
ICT E-AGRICULTURE (LIN ET AL., 2017) 
CONTEXT 
Agri-systems are represented by different types of players, a wide spectrum from small 
producers to industrial corporations contribute to provide biomass from agriculture. Since 
producers are dealing with natural capital and common goods, regulatory frames may be applied 
regarding agricultural practices. Environmental monitoring surges as a method to, not only 
empower producers with high detailed planning and management decision-making, but also to 
show compliance with sustainability and quality standards. Environmental monitoring can 
normally be accomplished with broadband network infrastructure, wireless technologies and 
mobile devices. Appendix C provides a clearer understanding of ICT technologies in agri-
systems. Ultimately, ICT systems with e-services are commonplace for monitoring soil data, 
irrigation water data, and smart city design projects for flood control. 
ICT platforms are a powerful tool to facilitate data collection, validation, access, exploration 
and communication. Moreover, its ability to allow multiple stakeholders to interact with each other, 
when sharing data for example, makes it a proper solution to environmental monitoring. 
Nevertheless, the way agricultural and environmental data is shared and stored relies on a 
centralized server, which may be exposed to tampering. Currently, the majority of environmental 
monitoring data is stored on centralized servers managed by administrators who are trusted with 
data integrity, security, and access authorization. In a worst-case scenario, system administrators 
may have their own agendas and vested interests (e.g. funding or political endorsement) which 
can affect data-related decisions. Nowadays systems are prone to cyber-attack, asynchronous 
inaccurate data, censorship and data distortion. 
While the internet allows digitized information to be shared, the IoT yields data from the 
“field” ready to be stored in databases with centralized computing cloud architecture. With 
blockchain, however, agricultural and environmental monitoring data is stored in a distributed 
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cloud, allowing managers to engineer trust and secure sustainable agricultural development with 
transparent data and ICT. 
STRATEGY 
By including blockchain properties: immutability and decentralization; these e-agriculture 
infrastructures can revolutionize the way biophysical resources are recorded and traced from 
source. Such type of information systems can be used in large scale datasets, and may ensure 
government record and service integrity. 
 
Figure 4.1 - Information Communication Technology (ICT) e-agriculture system model with blockchain 
infrastructure for use at local and regional scale (Lin et al., 2017). 
In the strategy adopted, the authors opted for a permissionless blockchain, where “data 
from a real-time water quality monitoring system is backed-up locally and is added to the 
blockchain when a provider node creates a new block. The water quality data is distributed over 
the network so that each miner node has a piece of the complete data and no single node can 
access the data in its entirety” (Lin et al., 2017). Miner nodes in the network contribute with 
hardware, electricity and processing power: PoW consensus mechanism. Miners can be 
composed of stakeholders, researchers or regulatory entities. Figure 4.1 is the proposed system 
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model in which water quality monitoring data is added to the blockchain. Structured Query 
Language (SQL) data queries can be used for data upload/download and as a graphical user 
interface by record management applications. 
In this model, a backed-up version of the complete water quality data is stored off-chain 
and locally, access is granted to a database gatekeeper (administrator) based on their permission 
levels. Information regarding administration, encryption and decryption keys are also stored on 
the blockchain. Administrators can be allocated according to organizations role in agricultural and 
environmental monitoring. 
POTENTIAL BENEFITS  
Although ICT e-agriculture enhances farmers’ access to agricultural services and high-
quality data, improves traceability, and validates compliance, data itself is prone to tampering. 
Further, current infrastructures do not allow for frictionless interaction between unknown players. 
The proposed model focuses on an infrastructure that enables immutability of this data, while 
tracing both spatial and temporal agricultural data. As agricultural products move from their 
production sources to the consumer, so does the information as the ability to flow through the 
supply chain. By eliminating manipulation risk when integrating data into existing meta-databases, 
the proposed infrastructure can increase the likelihood of exportation to international markets, 
since compliance with international standards becomes a transparent and undisputed matter. 
Further, an ICT e-agriculture with a blockchain infrastructure is a way to diversify current 
agricultural management practices in a way that engages the public through ownership of the 
agricultural production process, even if only to voice feedback as market demand for high quality 
and verifiably certified standards-compliant products. 
OUTCOMES 
ICT’s contribution to digital democratization has progressed from trusted closed and 
centralized networks, to open access centralized cloud computing, and now to blockchain 
distributed networks that do not require public trust in a centralized authority. E-agriculture has 
shown its value in increasing economic efficiencies, food safety, and reduce uncertainty risk. In 
some cases can also contribute to achieve sustainable agricultural development. The innovation 
of blockchain in ICT e-agricultural systems, allows for the expansion of immutable and 
decentralized record management systems, safeguarding environmental data for farmers, NGOs, 
stakeholders, consumers, and decision makers who participate in transparent data management. 
As result of this research, authors have introduced a prototype of an ICT e-agricultural 
system with blockchain infrastructure for national-level application using GCOIN (Lin et al., 2017) 
protocol, an open-source software similar to an improved Bitcoin that utilizes a multi-token 
architecture, a multi-tier permission system, and improved mining difficulty. Currently, the 
prototype complies national-level water quality data from irrigation systems, collected by remote 
sensors from several small farms in Taiwan. For now, data is stored in the GCOIN blockchain. 
Further development and incorporation efforts of agricultural data on energy use, pesticide 
use, soil quality, farm productivity and biodiversity are required to complement GCOIN. 
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4.2 FOOD INDUSTRY  
IBM FOOD TRUST – WALMART 
CONTEXT 
Food supply chain tracking and authentication are critical to help deal with food safety (e.g. 
sources of contamination) worldwide. If faced with foodborne disease outbreak, retailers have a 
hard time understanding where the problem comes from and what type of measures should be 
applied. Nowadays it can take up to two weeks to track down the source of contamination and a 
tremendous cost to restore consumers’ confidence in food safety (Ramamurthy, 2016). 
Walmart’s preoccupation regarding business sustainability and consumer’s preference, 
made the company consider the implementation of a blockchain-based solution. Blockchain’s 
innovative approach to record keeping through an immutable public ledger, showed an alternative 
to traditional paper tracking and manual inspection systems, which are prone to inaccuracies. 
Therefore, Walmart decided to join forces with IBM – an already strong player in the blockchain 
applications ecosystem (IBM, 2016). The collaboration between Walmart and IBM, also involved 
a third player: Tsinghua University (Beijing). By combining each partners’ distinctive strengths, 
the goal was to create a new model for food traceability, supply chain transparency and 
auditability using IBM Blockchain Platform, based on the Hyperledger Fabric (IBM, 2016). 
In 2017, the team members had finished the 
two pilot projects which involved tracking produce 
from Latin America to U.S., and tracking pork 
products from Chinese farms to stores. The results 
from this “shared efforts approach” showed a 
substantial improvement over Walmart’s earlier 
trials involving barcodes or auto ID technology – 
solutions that required central databases and 
explicit trust among participants (Hackius, 2017). 
By the end of both projects, IBM had developed a 
powerful and effective tool specifically designed for 
food supply chain transparency: IBM Food Trust.  
STRATEGY 
IBM Food Trust is a collaborative network of 
growers, processors, wholesalers, distributers, 
manufacturers, retailers and others, enhancing 
visibility and accountability in each step of the food 
supply chain. Powered by the IBM Blockchain 
Platform, this cloud-based, software-as-a-service 
(SaaS) solution, connects participants through a 
permissioned, permanent and shared record of 
food transaction data (IBM, 2018d). 
BOX 7 
Linux Foundation Hyperledger 
- Open source blockchain platform, 
started in December 2015 to support 
blockchain-based distributed 
ledgers.  
- Focuses on ledgers designed to 
support global business 
transactions, including major 
technological, financial, and supply 
chain companies, with the goal of 
improving many aspects of 
performance and reliability.  
- Aims to bring together a number of 
independent efforts to develop open 
protocols and standards, by 
providing a modular framework that 
supports different components for 
different uses.  
- Includes a variety of blockchains with 
their own consensus and storage 
models, and services for identity, 
access control, and contracts. 
(Hyperledger, 2018) 
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Digital product information such as farm origin details, batch numbers, factory and 
processing data, expiration dates, storage temperatures and shipping detail are digitally 
connected to food items and the information is entered into the blockchain along with every step 
of the process (IBM, 2016).  Each piece of information provides critical data points that could 
potentially reveal food safety issues with the product. The information captured in each 
transaction is agreed upon by all members of the business network; once there is a consensus, 
it becomes a permanent record that can’t be altered. This helps assure that all information about 
the item is accurate. In complex multi-organization systems, wherever there are documents or 
transactions that are required to be confirmed, settled, exchanged, signed or validated, there are 
frictions that can be eliminated to unlock greater economic value, by using blockchain technology.  
 
Figure 4.2 – Simplified version of IBM Food Trust mechanism and expected operational impact (IBM, 
2018d). 
IBM Food Trust solution, offers a tamper-resistant platform where members own the data 
shared in the ledger, by controlling levels of access. Programable smart contracts allow for smart-
transparency among members, who are trusting their data to this secure, single-source, 
immutable ledger. As an authorized user, members have immediate access to shared, actionable 
food supply data through integrated IBM Blockchain-powered modules for faster traceability and 
more confidence in provenance. In order to achieve data interoperability, IBM Food Trust 
Connector API (Application Programming Interface) seamlessly integrates data from legacy 
systems, other participants and new transactions (IBM, 2018d). 
POTENTIAL BENEFITS  
The increased level of transparency proposed by IBM’s platform simplifies certification 
management among untrusted stakeholders and complex supply chains. Inspection and 
certification records can be uploaded, managed, shared and visualised between authorized 
participants, in a near-real time process, through a user’s interface (IBM, 2018c). Along with 
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standardized communication, decision makers will have gathered the necessary tools to evaluate 
provenance, location and status of any food product on the supply chain, to quickly address food 
safety issues (IBM, 2018d). It can enable any stakeholder to quickly respond to recalls and other 
concerns (e.g. food fraud), thus reducing the chance of foodborne disease outbreak and 
promoting customers’ trust. 
Blockchain has also important cost-saving implications for the retailer. First, in crisis 
involving contaminated food products, Walmart will be able to easily identify the source and 
engage in strategic removals of affected products instead of recalling the entire product line. And 
secondly, blockchain can also help retailers better manage the shelf-life of products in individual 
stores, to further strengthen safeguards related to food authenticity (e.g. fresh food) (IBM, 2016). 
Better management of the all process can help to optimize the system’s efficiency and reduce the 
amount of food waste. Finally, a transparent record keeping promotes an overall sense of 
responsibility and accountability towards every stakeholder of the supply chain. 
OUTCOMES 
As result of Walmart’s first trial using IBM’s blockchain-based solution, a team responsible 
for tracking a packet of mangos took 2.2 seconds to breakdown each step of the fruit’s journey, 
from cultivation to storage to delivery. Whereas using traditional tracking systems, the same team 
took almost seven full days (IBM, 2016). In an outbreak situation, it would be extremely costly if 
Walmart had to pull every packet of mangos from its shelves till further investigation about the 
contaminated products. Walmart envisions a blockchain solution for food transparency to be 
collaborative and invites as many food production players as possible, to be involved and 
engaged with this new innovative approach. 
Dole, Driscoll’s, Golden State Foods, Kroger, McCormick and Company, McLane 
Company, Nestlé, Tyson Foods, Unilever, Walmart and others have come together with IBM to 
further champion blockchain as an enabling technology for the food sector. Together they will 
help identify and prioritize new areas where blockchain can benefit food ecosystems and inform 
new IBM solutions (IBM, 2017). This work will draw on multiple IBM pilots and production 
networks in related areas that successfully demonstrate ways in which blockchain can positively 
impact global food traceability.  
Walmart’s competitive advantages increases when using such solution, consequently it 
instigates competitors to follow the same pattern. Thus, fulfilling the network effect needed by 
blockchain-based solutions, the more participants it has, the higher is its value. Currently, more 
than 40 different food items are running on IBM Food Trust, represented by more than 225 000 
food data transactions through the platform (IBM, 2018c). 
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4.3 BIO-BASED INDUSTRIES 
COTTON INDUSTRY – THE SEAM 
CONTEXT 
The Seam was founded by leading global agri-businesses and specializes in custom 
software development, commodity trading and management systems. In December 2000, it 
began operating the world's first online, anonymous exchange for cotton trading. Since then, the 
company has leveraged its software and development expertise in agriculture to expand into other 
commodity segments, including peanuts, grains and dairy. The Seam is a proven leader in the 
agri-tech space, having cleared or processed more than $7 billion through its cloud-based 
platforms (The Seam, 2018). 
The multi-billion-dollar cotton industry still exhibits inefficiencies throughout the supply 
chain. Most of those involve the massive information and asset exchange between parties, along 
with many intermediaries that are currently in the critical path of timely transaction settlement. 
Furthermore, fibre authenticity and sustainability verification are growing concerns among 
unknown stakeholders (Tech Company, 2017). In order to overcome such obstacles, the 
company started working with IBM with the intention of leading an industry-wide collaboration 
initiative to create a supply chain and trading ecosystem built on IBM blockchain technology, 
specifically using the Hyperledger Fabric (Coindesk, 2017). By being situated at the intersection 
of agriculture, finance and technology, The Seam is uniquely positioned to introduce blockchain 
technology to cotton-affiliated businesses worldwide. 
STRATEGY 
With the purpose of addressing the supply chain “from field to fabric”, The Seam intends to 
quickly move beyond proof-of-concept and achieve the network effect with global industry 
participation (The Seam, 2018). The consortium aims to create greater efficiency and serve as 
the foundation of a robust system for massive collaboration (Agritech Talk, 2017b). IBM will play 
a key role in driving global adoption, with its digital footprint in all cotton producing and consuming 
regions. Smart contracts, among other blockchain properties, show powerful implications for 
global trade with cross-border settlement and instantaneous transfer of currency or other assets, 
when defined conditions are met. 
On the pursuit of a blockchain-centric agenda, The Seam has been working closely with 
IBM and Hyperledger Fabric, but also increasingly reviewing Ethereum and Corda, in parallel 
collaboration (Agritech Talk, 2017a). The reason for this is that as soon as different blockchains 
become interoperable, the company will have solid understanding and experience to bridge cross 
industry transactions. For instances, banking might prefer Corda, while agri-business might align 
with Ethereum or Hyperledger. 
POTENTIAL BENEFITS &  OUTCOMES 
The implementation of such solution will enable the global cotton industry to share a single, 
immutable ledger for the buying, selling and compliant movement of cotton “from field to fabric”. 
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With blockchain, The Seam will be able to provide its customers with a secure online ecosystem 
that allows buyers and sellers to trade with confidence on a playing field that is leveraged by 
technology, transparency and anonymity (Agritech Talk, 2017a). 
Another benefit of this platform’s innovation, will be the accurate record of the original 
source of all cotton trade on the blockchain, furthering the goals of sustainability within the industry 
(The Seam, 2018). In a broader perspective, this solution will improve efficiencies throughout the 
all supply chain. With the chance of actually reaching clothing manufactures and ultimately the 
consumer. 
The Seam is yet to announce results from the consortium, however it has continually 
showed interest in blockchain technology. It has been performing workshops and conferences to 
empower major stakeholders and business partners with blockchain knowledge (Tech Company, 
2017). The ownership group of The Seam includes renowned cotton leaders Calcot, Cargill, 
ECOM Agroindustrial Corporation Ltd., EWR, Inc., Louis Dreyfus Company, Olam International, 
Parkdale Mills, Plains Cotton Cooperative Association and Staple Cotton Cooperative Association 
(The Seam, 2018). 
4.4 CROSSWISE SOLUTION 
PROJECT PROVENANCE LTD. 
 
CONTEXT 
Driven by the need to empower consumers with conscious choices about the products they 
acquire, Provenance has started its journey to bring transparency to supply chains in 2013. 
Recognizing that supply chains carry a lot of the social and environmental impact of today’s global 
economy, the company aims to shift the paradigm of opaque supply chains and consequently 
have a positive impact in sustainability. 
To do so, Provenance has developed a platform that allows brands to promote greater 
transparency by tracing the origins and histories of products. Ultimately authenticating claims of 
organic food or fair-trade products, for instances. Leveraged by blockchain technology, the model 
poses as a solution to potential certification and chain-of-custody challenges by assigning and 
verifying the warranty of the physical resources’ movements in the supply chain. From origin to 
end consumer the model recognizes “the nature of the product (what it is), the quality (how it is), 
the quantity (how much of it there is) and the ownership of the product (whose it is at any moment)” 
(Baker & Steiner, 2015). These four key elements are accessible via datasets and placed on a 
blockchain to be shared in a secure environment. The reasoning for using blockchain is its ability 
to monitor and audit all transactions of a product, and its unquestionable ability to authorise the 
given information. 
Provenance first successful case study dates from 2016, when conducting a pilot project 
in Indonesia to enable traceability in the fishing industry. Typical tracking systems for 
sustainability are heavily based on paper records, which are prone to tampering and loss. The 
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organizational complexity of the first mile, in association with the lack of supervision, makes the 
full quality control a challenging task. Several other issues such as illegal or unreported fishery 
and human rights abuse, make the Indonesia region an ideal environment to test the technology. 
By using mobile phones, blockchain and smart tagging, Provenance enabled consumers to track 
the source of their food and address the key challenges of the fish industry in Indonesia 
(Provenance, 2016). By drastically increasing transparency in fish and seafood supply chains, 
blockchain helped to verify social sustainability claims. The commercial launch of the technology 
has a potential to stop unethical and illegal practices in the industry including slavery. 
STRATEGY 
The blockchain removes the need for a trusted central organization that operates and 
maintains the system. However, delivering reliable digital certificates involves a series of actors 
to act on each step of the supply chain, finalizing with customers satisfaction. Provenance 
proposal for an innovative certification and audit schemes involve six different types of actors 
(Baker & Steiner, 2015): 
► Producers (e.g. cotton grower) 
► Manufacturers (e.g. maker of fabric) 
► Registrars (e.g. accreditation service) 
► Standards organizations (e.g. Fairtrade) 
► Certifiers and auditors (usually external agents) 
► Buyers, customers and end consumers (everyone who acquires a product or 
material) 
Every actor may then interact with the blockchain through different modular programs: 
registering, standards, production, manufacturing, tagging and user-facing. These are 
broadcasted and independently controlled on the same blockchain thereby enabling frictionless 
co-existence within the same system. Table 4.1 presents the description of each modular 
program, facilitating the understanding and interaction between each program and the expected 
actors. For further research, please consider consulting Provenance white paper available at 
https://www.provenance.org/whitepaper.  
The public-private key infrastructure makes it possible for different users to have access to 
pre-determined information. For example, information regarding the supply chain that is 
accessible to consumers, depends on the privacy permissions granted by producers and 
manufacturers. However, even if the identity of a farmer is not revealed, consumers can still feel 
secure that verified information is trustworthy (Baker & Steiner, 2015). Same idea can be applied 
between stakeholders that desire to keep their identity anonymous, while providing verified 
information that aligns with market demands. Appendix N illustrates Provenance architecture 
being applied to the tuna case study. Involving every actor, from fisherman to end consumer. 
Provenance opted to build their solution on Ethereum, a public blockchain platform which 
is currently the most advanced smart contract enabled blockchain. In opposition to IBM choice 
for a consortium blockchain – Hyperledger, Provenance believes consensus should be kept public 
(Schaeffer, 2017). Private or consortium blockchains are susceptible to a small number of 
validators that, in case of a common interest, can censor a certain type of information. Public 
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chains make that impossible, and so censorship can only happen outside of the chain, leaving 
the core data untouched. In this situation data registering and accessing are done via blockchain, 
however, data is usually stored off-chain. There are mechanisms capable of securing off-chain 
data linked to Ethereum. 
 
Table 4.1 – Principal architecture for Provenance solution (Baker & Steiner, 2015). 
PROGRAM DESCRIPTION 
Registration 
Through registrars, it generates access to the system by a public or privet profile with an 
individual private key, and the user regulates the degree of shared information on the profile. 
By registering, one links the real-world identity to the digital-identity of the blockchain, and 
thereby enables interaction on the blockchain. 
Standards 
Standards organizations provide for the creation of compliance programs (for producers and 
manufacturers) to add and process information on the blockchain. Participants are susceptible 
to certified audits or inspections, to assure the program is both registered with the certification 
scheme and authenticated by an auditor. Finally, creating a reliable digital tradeable equivalent 
of a good. 
Production 
Producers are the root for the traceability of finished goods. Through a set of parameters, this 
program enables producers to prove the creation of materials or primary goods according to 
the guidelines established by the certification scheme (e.g. organic). Participants are easily 
linked back to the identity provided by the registrar. 
Manufacturing 
Like production programs, after being deployed by certifiers, these programs allow 
manufacturers to operate the blockchain by managing the input of materials for the creation of 
output. Thereby avoiding double spending and mimicking the physical asset. Information from 
the producer is securely cascaded to the manufacturer on receipt. 
Tagging 
Linking the digital information with its physical counterpart is possible through the use of 
tagging systems (e.g. barcode, NFC, RFID or QR code). Blockchain ensures that information 
is shared and remains secure in the ledger, while smart tags allow to have access to such 
information, usually introduced by producers and manufactures. 
User-interface 
Digitization of information enables the end consumer, just like suppliers, to have access to 
every step of the supply chain that was previously introduced in the blockchain. By design, 
blockchain allows for data to be stored immutably and securely – trustworthy information. 
Which grants users a sense of assurance in their purchasing decisions. 
POTENTIAL BENEFITS 
The Provenance system enables the registration of identities, recording of transactions and 
information’s, opening a possibility to share information along the supply chain. The extent of this 
information accessible to actors on the supply chain is adjustable and is regulated by the privacy 
permissions set by a user. Therefore, the information provided can be checked by the customers 
and can be transferred to others. There is a possibility for the intervenient in the supply chain to 
conceal its identity and successfully passed on a certification (Baker & Steiner, 2015). 
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Generally, the technology applied to Provenance applications brings some operational 
benefits generated by the blockchain interoperable, cost-efficient, auditable, public, real-time and 
agile, and guaranteed continuity (Baker & Steiner, 2015). Interoperability allowing arbitrary 
schemes to interact with each other could massively reduce the level of trust required for the 
implementation of a joint system as well as help against concerns regarding adverse cost–benefit 
trade-offs and privacy. 
Thus, the system is providing (1) actors anonymity while continuing to transfer significant 
information (2) the ability for the customers to access to check specific attributes of a product 
before purchasing (3) providing proof of ownership without revealing identities by using key 
cryptography. Through this process there is a recording of the transaction, providing the ability to 
follow the chain-of-custody, from origin, ownership and exchange, provides a prevention tool 
regarding counterfeit and fraud enabling some several improvements on the counterfeit market 
(Baker & Steiner, 2015).   
Additionally, and specifically regarding the circular economy and the Provenance 
blockchain, there is a potential to evaluate the product lifecycle and assessing the recyclability of 
that product. By enabling the tracking and recording of both the manufacturing and utilization 
(including maintenance) of a product, it is possible to monitor the product through the all lifecycle.  
Corporates shared their vision on this matter with Provenance, namely the information being 
captured internally by the brand, and the opportunity for products to stay within one business’ 
system, providing the ability to recapture value and form new business models. Material data and 
ownership are ideally logged in an open system and could be accessed (with permission of the 
current owner) by anyone (Baker, 2016). This idea facilitates the creation of businesses ready to 
turn the waste into new products.  
These advantages will generate transparency that potentially reduces the cost/benefits 
ratio considered when making purchasing decisions. The marketplace can also be changed by 
creating awareness and enabling customers to seek and evaluate information with the ambition 
to make smart decisions (Baker & Steiner, 2015).  
OUTCOMES 
Provenance solution aims to integrate distinct business models with diverse purposes, 
showing a clear evidence that they are mostly driven by consumer needs. Table 4.2 showcases 
four success case studies comprising two fields of the bioeconomy: food and clothing (natural 
fibres). Three of them involve the food industry, nevertheless all of them represent three distinct 
results. Always working with key partners, Provenance was able to demonstrate the following 
accomplishments while using blockchain technology: (1) provide retailers and customers with 
trustworthy data regarding food authenticity – fresh produce, (2) empower organic food certifiers 
with data-driven augmented labelling, ultimately increasing interaction with customers and (3) 
create a digital immutable record of proof of payment among a group of farmers in a global supply 
chain, thus ensuring claims of ethical practices. Lastly, in partnership with a fashion designer, 
garments made out of alpaca fleece carry, throughout the supply chain, a smart label able to 
expose transparency of processes and the people involved. Consequently, creating a virtual 
storyline representing the true journey of garments, from farm to studio. Eventually educating 
consumers about products’ life cycle. 
78 
Provenance work carries on connecting more partners and clients towards this supply 
chain transparency vision. Other bioeconomy related projects the company is working on, involve 
small and independent food brands wishing to provide reliable information about products at their 
neighbourhood store. Keep on developing the concept of smart labelling to showcase the 
craftsmanship behind distinct and unique products. Increase transparency in the cotton industry 
to promote sustainable, renewable and biodegradable fabric, and direct the industry towards 
circular and closed loop systems. And raising the value of single-origin coffee by authenticating 
its location of origin, differentiating it from mere marketing buzz (Provenance, 2018). 
Recently, Provenance has partnered with Carbon Analytics – pioneers in environmental 
impact measurement – to develop a blockchain-based solution to enable businesses to track 
and communicate supply chain emissions using a consistent, industry comparable methodology. 
The solution developed will allow multiple actors to communicate their carbon footprint data in a 
consistent way, at business and product level, along a supply chain in a decentralised way 
(Manivannan, 2018). The collaboration pretends to involve businesses from food and drink, 
clothing and furniture industries, all of which may be inserted in the bioeconomy sphere. Not only 
focused on digital certification, Provenance will be able to carry real quantifiable data regarding 
carbon dioxide emissions, throughout the all supply chain. 
 
Figure 4.3 - ISEAL members working with Provenance for the project (Provenance, 2017). 
Launched in 2016, the ISEAL Innovation Fund has endorsed a pilot project led by the 
Roundtable on Sustainable Biomaterial (RSB) to explore the opportunities blockchain technology 
can offer to sustainability certifications and their commercial partners (RSB, 2017b).  Provenance 
has joined the project in order to closely collaborate with certification bodies that are willing to 
innovate and improve the value and effectiveness of sustainability standards (Provenance, 2017). 
The RSB offers sustainability solutions to mitigate business risk, fuel the bioeconomy, and 
contribute to the UN Sustainable Development Goals. Provenance can only further improve its 
solution towards a sustainable data-driven bioeconomy.  Figure 4.3 reveals some of the 
certification schemes  working with Provenance, thereby expanding this company’s solution in 
the bioeconomy panorama.
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Table 4.2 – Provenance success case studies for bioeconomy sectors (Provenance, 2018). 
ORGANIZATION OVERVIEW STARTEGY RESULTS BENEFITS 
CO-OP 
 
Misleading information in the food 
industry leaves customers reluctant 
about retailers claims. Working with the 
world’s largest consumer co-operative, 
Provenance tracked fresh produce from 
origin to supermarket, to further empower 
customers with trustworthy data. 
By closely working with Co-op’s 
teams, fresh produce is tracked at 
every point the journey, covering 
real-time data about suppliers and 
their locations. The solution is also 
integrated with ERP systems at 
every point, to ensure there is no 
disruption to the day-to-day. 
Provenance linked together data 
from farm to shelf, creating a 
digital story available to workers 
and shoppers. Using sell-by 
dates as unique batch IDs, 
products are correctly 
synchronized with the 
corresponding digital version.  
Reduce risk: Attributing a digital passport to 
every member of the chain, allows to create a 
blockchain-backed digital “handshake” at each 
point the product is transferred. Ensuring 
confidence to where the products are and that 
their claims have not been duplicated or 
diluted. 
Fair Food 
 
Working with an international coconut 
supply chain, Provenance’s software was 
extended to create a system that proves 
the exact living wage payment for product 
batches. Thus, demonstrating the 
possibility of using blockchain technology 
to track ethical claims. 
In partnership with the NGO Fair 
Food, Provenance used a 
grassroots certification approach to 
track payments and product flow, 
by registering the harvest via SMS, 
and verifying chain of custody 
along the supply chain. 
Customers were provided with 
blockchain-verified proof of 
payment for living wage to 55 
farmers, whilst tracking 1000 
coconuts from South East Asia to 
Europe. 
Prove social impact: Provenance allows 
customers to rely on more ethical, financially 
transparent system in the food industry. 
Increase financial transparency: provide real 
time transparency as verified proof of payment 
travels down the chain of custody. 
Soil Association 
 
Certification schemes and marks are 
losing public recognition, thus 
compromising the value and future of 
organizations and green procurement. 
Provenance partnership proves that 
technology plays a crucial role in 
strengthening the relevance of standards 
bodies, while increasing shopper 
engagement. 
In partnership with Soil 
Association, along with an organic-
certified producer and retailer, 
Provenance developed an 
interactive mark. Instead of a 
simple label, mobile phone users 
can have access to information 
regarding product’s journey from 
farm to store. 
The interactive certification was 
well received by shoppers in-
store, who intuitively used 
Provenance to access 
information about organic 
products. 
Grow customer trust: share real-time product 
information with interactive data-powered 
labels, easily understood by consumers. 
Increase efficiency: Using blockchain ledger, a 
network of businesses can easily own, share 
and verify product claims and certificates in the 
most efficient way. 
Martine Jarlgaard 
 
 
This collaboration proved blockchain’s 
potential to address the lack of 
transparency in the fashion industry. By 
forging greater trust in businesses along 
a fashion supply chain and enabling 
brands to provide verified information 
about the materials, processes and 
people behind products. 
By registering raw material on the 
blockchain via the Provenance 
app, is possible to track sustainable 
alpaca fleece from shearing in the 
farm, through to spinning, knitting, 
and finishing in Martine Jarlgaard’s 
London studio. 
Via smart labelling (e.g. NFC), a 
unique ID holding location 
mapping, content and 
timestamps from every step of 
the production, can be accessed 
by every member of the supply 
chain. 
Unique digital passport: ensures the end 
product information and certifications are 
verified by the company and its suppliers, 
preventing false claims. 
Collaboration: Provenance’s solution allows for 
interoperability between platforms, easing the 
creation of a support network of 
businesses/brands who value transparency. 
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5 ANALYSIS 
This chapter analyses the prospect of blockchain within bioeconomy by analysing the data from 
the frame of reference and the empirical findings. Following Rogers (2003) Diffusion of Innovation 
theory, the frame of analysis comprises five distinct characteristics of innovation. This chapter 
presents an overview of the results (5.1), and a detailed analysis of those exact characteristics: 
Relative Advantage (5.2.1), Compatibility (5.2.2), Complexity (5.2.3), Trialability (5.2.4) and 
Observability (5.2.5). 
5.1 BLOCKCHAIN AS AN INNOVATION IN BIOECONOMY SECTORS 
Blockchain integration in bioeconomy is an innovation to the point that it is an element 
taken from a different field, in to the bioeconomy sectors. Supply chain applications of blockchain, 
may involve a secure and innovative digitization of information and its transaction across players 
or simply the use of smart contracts to facilitate the financial side of the transaction of goods. 
Recognizing blockchain as in innovation in the bioeconomy sectors, the Diffusion of Innovation 
Theory allows to understand what the degree of diffusion and adoption of this technology in the 
bioeconomy panorama is. 
The showcase of empirical findings reveals a great diversity of solutions, from business to 
consumer driven, and related to operational and sustainability concerns in supply chains. Besides 
the fact that each sector of the bioeconomy has at least one viable example. Although the bio-
based industries sector could only rely on applications towards conventional industries. 
Biorefinery integrated systems has not yet been connected to blockchain applications. Empirical 
findings already show a wide usage of blockchain in bioeconomy. However, several blockchain 
properties are yet to be explored in the bioeconomy context. And many more concerns regarding 
the distinct bioeconomy sectors and functions, are not addressed. 
The five characteristics are explored in detail in chapter 5.2, thus defining the arguments 
that enrich the understanding of the adoption of such innovation. To sum up the key ideas of each 
characteristic, Table 5.1 provides and overview of the arguments that were considered from the 
cross-over between the frame of reference and the empirical findings. 
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Table 5.1 - Characteristics of innovation in the diffusion of blockchain in the bioeconomy (Adapted from 
Rogers, 2003). 
CHARACTERISTIC ARGUMENTS 
Relative Advantage 
How is blockchain 
better than current 
practices, when 
addressing biomass 
supply chain needs, 
or managing data for 
monitoring purposes? 
• Enables stakeholders to keep a record of data in a distributed and 
immutable ledger, capable of facilitating the exchange of that same data; 
• Keeps a traceable digital representation of physical products’ properties 
(e.g. location, quantity, quality and people involved); 
• Involves producers, manufacturers, certifiers, auditors and customers in 
the same shared information system; 
• Overcomes the lack of interoperability in complex supply chain information 
systems, with pseudonymity from producer to end consumer; 
• Increases auditors’ ability to have near real-time access to reliable and 
authenticated data; 
• Enhances food traceability systems improving transparency between 
partners, thus mitigating risk in food safety and reducing costs; 
• Digitizes information contained in certificates and labels to further engage 
with customers and facilitate audits; 
• Grants information to stakeholders and customers through user interfaces 
connected with the blockchain; 
• Keeps a transparent record of data regarding environmental and socio-
economic indicators; 
• Stores decentralized reliable datasets that can easily be transacted in 
international markets. 
Compatibility 
How do blockchain 
solutions show 
compatibility with 
current biomass 
supply chain 
(traceability) systems, 
or monitoring and 
sustainability 
strategies? 
• Consumers growing awareness stress the need for transparent supply 
chains (food and bio-based products); 
• Food supply chains show a clear need for a distributed data exchange 
platform to enhance the pre-existing traceability systems; 
• Blockchain-based solution have shown the ability to integrate both 
complex and simple traceability systems; 
• It is compliant with policy and regulatory constricts; 
• The need for standardization in the blockchain ecosystem might 
compromise the inclusion of certain players; 
• Attachment to old practices and resistance to change might decreased the 
network effect needed in this type of solutions;  
• Blockchain-based solutions are recording data compatible with data 
requirements and indicators for bioeconomy systemic monitoring. 
Complexity 
How difficult is it for 
biomass supply 
chains to implement 
and adopt blockchain, 
and in what way can 
key players have 
access to previously 
recorded information? 
• Blockchain platforms (e.g. Hyperledger and Ethereum) have a strong 
customer support and are versatile enough for different applications; 
• Third parties are able to develop blockchain-based solutions that facilitate 
user experience through API’s and structured schemes; 
• Bioeconomy sectors use solutions that interact with the blockchain in a 
seamless way, virtually maintaining the same operational tasks; 
• From producer to end consumer, personalized user interfaces facilitate 
human interaction with the network; 
• Knowledge regarding blockchain applications is being disseminated 
through the several tiers of supply chains; 
• Socio-economic barriers can be effectively overcome with low-tech 
solutions; 
• According to privacy restrictions, third parties (e.g. regulatory bodies) can 
easily have access to datasets stored via blockchain. 
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Trialability 
What type of 
commitment do 
stakeholders have to 
have towards 
blockchain-based 
solutions? 
• Most projects developed were pilots, companies rely on their old models 
until clear benefits are clear; 
• Few fully commercial solutions are available, complicating the 
understanding of the business models followed by developers; 
• Investment and risk taking by the bioeconomy sectors make stakeholders 
commit to projects afterwards; 
• Conventional traceability systems will continue to exist until the critical 
mass for blockchain platforms is achieved; 
• Blockchain technology allows any digital identity to opt out the network at 
any time. 
Observability 
Are there any visible 
results of blockchain 
in bioeconomy 
sectors, regarding 
both supply chain 
operations or 
monitoring 
capabilities? 
• Supply chain applications address the range of sectors in bioeconomy, 
with bigger focus in the agri-food sector; 
• IBM deploys its solutions on Hyperledger, focusing on big industry players; 
• IBM Food Trust has passed pilot stage and will be widely available, 
focusing on improving global food traceability systems; 
• Provenance solution deploys on Ethereum and ranges from food 
applications to bio-based products; 
• Several bioeconomy-related certifications schemes are enrolling in 
blockchain-based solutions; 
• Customers and end consumers are accessing information on the 
blockchain via user interfaces; 
• Agricultural commodities have been transacted via blockchain’s smart 
contracts; 
• Bioeconomy-related indicators are being recorded and stored in the 
blockchain; 
• Research regarding blockchain applications to food traceability systems is 
actively increasing. 
5.2 CHARACTERISTICS OF INNOVATION 
5.2.1 RELATIVE ADVANTAGE 
The degree to which an innovation is perceived as better than the idea it supersedes by a 
particular group of users, measured in terms that matter to those users (economic advantage, 
social prestige, convenience, or satisfaction). The greater the perceived relative advantage of 
an innovation, the more rapid its rate of adoption is likely to be. 
Integrated biomass supply chain management is still under use in the current bioeconomy. 
Food systems and bio-based industries are yet to be fully connected in terms of information 
management. Therefore, one can only analyse blockchain’s supply chain impact individually. 
Drivers for traceability and transparency in the food industry are considerably stronger, and 
currently address a much bigger market, than bio-based industries. The ongoing investment in 
traceability systems clearly demonstrates companies’ commitment to improve their performance 
and further strengthen business partnerships, as well as customer relationship. Several layers 
can be attributed to a traceability system. Communication and information exchange of reliable 
data is the layer that is currently posing as a bottleneck to further interoperability. Both up and 
downstream the supply chain. 
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Blockchain-based solutions, backed by distributed ledger technology, have disrupted the 
supply chain management industry in terms of transparency for pre-existing traceability systems. 
In the food industry, such opportunity has engaged stakeholders who are not only aware of 
customers’ demand for trust in the products they buy. But also, conscious that trust among players 
of agri-food chains is a key feature for sustainable businesses. Blockchain has thus provided a 
common platform for information to be securely recorded, shared and accessed by any user, 
according to privacy restrictions. Pseudo anonymity can be attributed to the participants, which 
means that one’s identity may remain anonymous while relevant information to the rest of 
stakeholders stays available. Assuring accountability through digital identities. Supply chain 
stakeholders who are part of this common ledger, can participate no matter the tier they belong 
to. At the same time, a different supply chain may use the exact same ledger without 
compromising data security or privacy concerns. 
Blockchain architecture shifts the paradigm of silo database infrastructures, into a single 
immutable public ledger that spreads authenticated information across the whole supply chain. 
Information can be related with agricultural practices, manufacturing site or even products 
transportation. A timestamp in each transaction, then recorded into the blockchain, keeps track 
of the progress of products, digitizing the chain of custody. Typically, information on the 
blockchain represents a digital version of a physical product, where data (e.g. location, 
participants involved, quality and quantity) are recorded, and then accessed via a sensor or tag 
(e.g. QR code, RFID or NFC). Naturally, a user interface is developed by the companies who are 
offering blockchain related solutions. Thereby enhancing user experience, both to stakeholders 
and consumers. 
A reliable platform for the continuous flow of information from “farm to fork”, does not only 
increase trust among stakeholders, but also mitigates risk and presents a high cost benefits ratio. 
Specially, when it comes to food retailers, logistics to take out of the shelves products that might 
be related to a foodborne diseases outbreak is too expensive. However, when equipped with a 
traceability system backed by an accessible and reliable data exchange platform – namely 
blockchain – companies are able to precisely and quickly react to such events. In general, near 
real-time information spread across the supply chain has considerable impacts in logistics. 
Whether by improving management of shelf-life, inventory, warehouses and transport, or when 
considering a bigger scale for market’s demand analysis and supply provisioning. 
Food supply chains are heavily regulated, hence comprising diverse certification schemes 
(e.g. related to food safety) and being subject of audits and standardization. Blockchain-based 
solutions have enabled a new approach to certification and audits. Following a proper registering 
protocol, authenticity of information can be assured due to immutability of blockchain systems. 
Opening these datasets to certified stakeholders, enables auditors and other regulatory bodies to 
execute their operations in an almost frictionless way. Thus, reducing costs while improving the 
trustworthiness and integrity of the whole value chain. 
Digitization of standards and certificates (e.g. organic, fair-trade or GMO free) can indeed 
take the common and non-interactive labelling to the next step of innovation. Data associated 
with each certificate can follow the product flow via a digital pathway, under all the scrutiny of 
blockchain-based solutions, till the end consumer. Through a user interface, customers and end 
consumers may consult more information about the product by accessing its digital profile via a 
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smartphone, for example. Logically, a sensor or tag must be continuously attached to the product 
so that data credibility is assured. Once more, by using public key private key technology, 
transparency is given according to privacy restrictions previously established. 
This innovative system of smart labelling provides the opportunity to empower customers 
with an informed choice, and better weight out costs and benefits between products. Such 
paradigm shift may create a state of awareness in customers and consumers to make educated 
and conscious choices. Consumer demands may involve environmental and social factors. 
Blockchain-based solutions provide authentication of data related to farming practices (e.g. 
organic farming), manufacturing and social claims (e.g. fair-trade and proof of payment). Besides 
the trust retailers have to input in customers regarding product condition claims (e.g. fresh 
produce or a certain type of meat). Accorsi (2016) demonstrated how the same principal to 
monitor pharmaceuticals storage parameters (temperature, humidity and others) can be applied 
to dairy food, with the purpose of establishing customer’s trust. 
Blockchain’s global reach allows to establish a level of scrutiny and guarantees what was 
mostly only possible to shorter and local supply chains. In complex global supply chains of food 
products, fresh and manufactured, central authorities are inefficient, and interoperability is hardly 
achieved. Solutions such as the ones from IBM or Provenance, help to surpass both technological 
and operational bottlenecks for players in the food industry. Reduction of the flow of paper-based 
documents, data-limited labels and friction of digital data exchange are some of the factors that 
promise to increase efficiency and outperform current traceability and transparency systems. 
Biotechnologies and the use of biomass are under the scope of researchers and politicians 
for the past decade. Nevertheless, bio-based industries are yet to gain a considerable market 
share and it is still considered an emergent market, especially for biorefinery value chains. Even 
considering the relatively low extension of bio-based products, workgroups are defining the usage 
of blockchain to enhance the value of certification schemes, such as the Roundtable on 
Sustainable Biomaterials (RSB). RSB Standards are considered to be the pinnacle of sustainable 
standardization in bio-based value chains. The concept is the same as in food: a single shared 
ledger holds digital information that travels along with the physical product or parts of it, from 
production to waste. 
Although blockchain properties might incite one to considerer its application to biorefinery 
value chains, and emergent bio-based products, such relative advantage as not yet been 
perceived by the community. As to conventional bio-based products, clothing for instances, the 
use of blockchain has increasingly been appealed by the fashion industry. Both raw materials 
(e.g. cotton and fleece) and final products (e.g. garments) are attracting blockchain solutions. 
From the big company approach, an online trading platform for the cotton industry is studying the 
use of smart contracts leveraged by blockchain. The goal is to optimize supply chain management 
and finance for international transactions between unknown partners. The concept of DAO can 
straightforwardly be applied to this business model, reducing costs and increasing efficiency of 
internal operations. 
Consumer driven transparency in the fashion industry, involves the same technology as in 
food supply chains. Keeping a record from raw material production, through manufacturing of 
fabric, till designer and final product, allows for smart labels to present customers with a story 
behind the product. Consumer awareness in fashion industry has been growing due to 
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environmental concerns, but mostly because of social claims made by brands. Blockchain backed 
data improves the trust bond between brand and consumer, by opening the different tiers and 
players of the supply chain.  
Apart from operational advantages, blockchain has further demonstrated the possibility to 
contribute for better and more reliable monitoring systems. Associated with a scheme of 
monitoring sensors that gather and transmit data, or with certified monitoring and measuring 
methodologies, blockchain can again serve as a distributed database across a set of unknown 
stakeholders sharing a common goal. A blockchain-based solution is able to keep a record of 
agricultural data (e.g. water quality), sharing it afterwards with multiple stakeholders. The 
recorded information can easily be aggregated to the digital representation of agricultural goods 
(e.g. food) and follow through with product’s flow downstream the supply chain. 
Gathering and tracing back environmental indicators via blockchain increases the 
possibility to share these datasets with national statistics and other international organization. 
Whereas current strategies usually involve surveys, third parties and information systems 
consortiums. Trusting a near autonomous and distributed system – such as the blockchain – to 
keep track of agricultural data, reduces friction in transaction of information and increases the 
integrity and authenticity of that same information. Unavailability of reliable data and detailed 
information ceases to exist, in cases where blockchain-based solutions are deployed. 
Similarly, other environmental indicators (e.g. land use, soil quality, pesticide use) can be 
included in the blockchain. Thus, improving further measurement of environmental impacts. To 
date, products’ carbon footprint has been recognized to be improved by blockchain-based 
solutions. The idea involves keeping a record of quantifiable data of carbon dioxide emissions, in 
each stage of the supply chain. As information goes through and adds on top of the previous one, 
managers can have access to the carbon footprint from a lifecycle perspective. Consequently, 
having a more realistic analysis about carbon emissions. Also regarding the lifecycle of products, 
elements from circular economy can also be embed in the blockchain. By enabling the tracking 
and recording of both the manufacturing and utilization (including maintenance) of a product, it is 
possible to monitor the product through the all lifecycle. Facilitating the creation of businesses 
ready to turn waste into new products, or by-products from current practices. 
The fact that businesses prove their social and environmental claims through blockchain-
based certificates, allows for relevant indicators to be available for scrutiny. Particularly, social 
claims regarding proof of payment have associated with it financial data and wages payed to 
farmers. Something which was nearly impossible to accomplish before.  
Presupposing the technical and business challenges of distributed ledgers can be 
overcome, in the short terms enterprises are most likely to use distributed ledger for operational 
efficiency gains, e.g., via the use of shared information and infrastructure. Long-term Gartner 
expects a complete reformation of whole industries and commercial activity as the programmable 
economy develops and ledgers contribute to the monetization of new ecosystems (Walker, 2017). 
5.2.2 COMPATIBILITY 
The degree to which an innovation is perceived as being consistent with the values, past 
experiences, and needs of potential adopters. An idea that is incompatible with their values, 
norms or practices will not be adopted as rapidly as an innovation that is compatible. 
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The lack of transparency in supply chains compromises several performance indicators. 
Although traceability systems might be present in most of processes for high volume or high value 
companies, transparency is harder to obtain due to inter-organizational factors. Traceability 
systems are usually implemented internally, and they run independently from other organizations. 
Whereas transparency is the availability of information, recorded by traceability systems, to actors 
from the same supply chain. Therefore, an inter-organizational relationship that is harder to 
achieve, due to poor communication technologies and lack of interoperability between software 
solutions. 
Implementation of electronic and digital supply chain traceability systems is possible via 
two main layers: sensors and data exchange. The first one being composed by electronic devices 
(e.g. sensors and tags) and the latter, the ecosystem where data and information is transacted 
between stakeholders – for better management and compliance. The sensor layer has taken a 
considerable progress recently, at least for companies who recognize benefits of traceability. For 
instances, RFID is found as the most cutting-edge technology for supply chain integrity and 
traceability. But the problem is still the high cost of tags used in these systems, even though the 
prices have decreased significantly in recent years (Manos & Manikas, 2010). Other technologies, 
such as NFC-tags, QR codes and simple barcodes are already part of ERP for several 
companies. Lastly, a contract layer is needed to facilitate the transaction of information between 
stakeholders. Legal aspects are required, to ensure the veracity of such agreements, making the 
use of smart contracts a cost-efficient solution. 
For those who are already acting into implementing or improving traceability and 
transparency solutions, blockchain provides the necessary infrastructure for the exchange of 
information. Serving as a distributed and immutable database, possible to access from any entry 
point, it makes this an incremental innovation to the already existing systems. However, with trust 
being facilitated by those who are directly handling the product, this approach may eventually 
disrupt the way food safety regulations are handled in the produce industry. This would represent 
an increase in efficiency in the system, and potentially lower customer costs in the long run. While 
offering transparency. The biggest challenge in implementing the blockchain technology for the 
produce industry is having adequate recording capacity to enter information in a timely manner; 
in addition, adoption may take some time because of the familiarity and comfort with prevailing 
practices (Armbruster & Macdonell, 2017). Standardization inside the blockchain ecosystem is 
also something unclear and under discussion, therefore it might compromise some partners 
participation. 
Paper-based systems are still widely used for traceability systems in both large and small 
companies, and even within systems operating across the whole food chain. Implementation of 
electronic chain traceability may involve changes both in work processes and software systems. 
Tight profit margins and inadequate knowledge on potential benefits of traceability systems are 
reported as some of the main factors that hinder investments on sophisticated traceability 
schemes (Manos & Manikas, 2010). For rural farmers, where most of agriculture is based, the 
access to ICT services is insufficient. Singh et al. (2014) have provided a set of difficulties farmers 
face when integrating ICT into their practices. Among them can be found the lack of knowledge 
about ICT in agriculture, cost benefit analysis regarding implementation, access to verbal 
communication of information regarding ICT, poor infrastructures demise the need for ICT or even 
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the lack of knowledge towards governmental programmes supporting ICT in agriculture. Since 
blockchain is an increment to current ICT running in supply chains, barriers that oppose to these 
technologies, will inevitably compromise blockchain’s adoption. Pappa et al. (2018) goes further 
to explore what determines the acceptance and use of electronic traceability systems in agri-food 
supply chains. Provenance case study on tuna supply chains demonstrates that, in a traceability 
system absent of digital technologies, blockchain was effectively implemented with the use of low 
cost resources – mobile phones. 
Technologically speaking, blockchain would easily integrate in current traceability systems, 
no matter the type of supply chain. Regarding the food industry, the need for a common platform 
where information can flow from “farm to fork” is clear and heavily addressed in policy and food 
regulation. Transparency and information availability are present in the core businesses of food 
systems under the bioeconomy umbrella. As for bio-based industries, transparency and trust 
among stakeholders is not a priority yet. Biotechnological advances, use of biomass and efficient 
pathways are the issues of most concern. Nevertheless, the topic has been recognized by few as 
a step that should be addressed to avoid perpetuating unsustainable practices, engage 
trustworthy stakeholders, increase green procurement and empower consumers’ decision 
making. Transparency shows to be of utmost importance in agriculture practices and the 
transaction of agriculture commodities. Lin et al. (2017) also developed a matrix to aid on the 
decision making process on rather to adopt the technology or not, in agriculture environments 
(Appendix M).  
Blockchain-based solutions not only show compatibility with biomass supply chain 
management, but also as regards to monitoring and sustainability of bioeconomy. Current data 
being gather in blockchain ecosystems, includes indicators that are critical for the monitoring of a 
sustainable bioeconomy, and potentially more indicators can be included. In general, certificates 
(e.g. organic farming) with quantifiable information in the blockchain, are certainly related with 
some of the data requirements for a systemic monitoring. Specific environmental and socio-
economic data is also being recorded and transacted. Namely, water quality for agriculture, 
carbon footprint from production to manufacturing, yields and transaction of agricultural 
commodities and living wage of foreigner farmers. 
Blockchain enables a more efficient solution for the smooth exchange and integration of 
information. However, each case should be considered as unique and producers’ perception and 
customers’ willingness regarding traceability and transparency should be studied individually 
(Aung & Chang, 2014). Understanding companies’ motivation is an important factor in creating 
the conditions for a successful tracing ecosystem. 
5.2.3 COMPLEXITY 
The degree to which an innovation is perceived as difficult to understand and use. Excessive 
complexity of an innovation is an important obstacle in its adoption. The new to develop new 
skills and understandings, reduces adoption rate. 
Blockchain technology on itself is a relatively recent field and consequently its level of 
understanding may be centralized in the hands of experts. However, the open source approach 
and the idea of developing applications on top of different blockchains, enables developers to 
create blockchain-based solutions that can perfectly fit with businesses’ needs. Which means that 
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bioeconomy sectors don’t have to necessarily develop solutions within the blockchain. Rather, IT 
companies create solutions, based on blockchain, with API’s that allow clients to interact with the 
blockchain in a seaming less way. Satisfying all the needs of registering, sharing and accessing, 
with the multitude of privacy restrictions. Therefore, stakeholders from bioeconomy use 
blockchain as just another software that becomes part of the company’s operating system. 
The present research mostly describes blockchain platforms through the examples of 
Hyperledger and Ethereum. Relatively distinct blockchains, the first adopting a consortium, 
pseudo-private approach and the second being a public and open blockchain. Nevertheless, both 
blockchains are able to provide third parties the necessary tools to develop competitive products 
and services. As it is shown, blockchain-based solutions are extremely focused on its user, being 
a farmer or a consumer. Companies understood that for their solutions to be adopted, the wide 
spectrum of users most have an intuitive and interactive experience. Something which is 
apparently being achieved. 
Normally, the solution proposed to the bioeconomy sectors involves a set of steps that are 
easily understood by the players to whom the septs concern. For instances, in the case of the 
producer, only the module built for producers is relevant, there is no need to implement or even 
understand the module dedicated to regulatory bodies. This approach has the potential to be 
universal since it easily adapts to different business models. On the other hand, a more 
personalized solution can be achieved, where the third-party company develops the solution 
along with the client. Specifically considering the IBM-Walmart partnership, the solution was 
brought up upon joining efforts and sharing expertise. Notwithstanding the fact that these 
solutions are still in early stages, and so pilot projects – normally partnerships – are needed before 
reaching a commercially viable product. 
In spite of not being fully aware of the blockchain ecosystem, stakeholders in biomass 
supply chains should understand the key concept of blockchain and its opportunities. Supply 
chain transparency conferences, workshops and other diffusion events are bringing this 
knowledge to communities. But it is inevitable that rural areas, in Europe and specially abroad, 
will be left out of such events. In addition to a higher cultural barrier to be overcome. Even though, 
Provenance solution has proved that it is possible to penetrate such markets and actually develop 
effective traceability systems through the use of mobile phones and support from regulatory 
entities. Thus, completely overcoming cultural, socio-economic and technological barriers. 
Nevertheless, concerns regarding identity privacy and data security must be clearly explain and 
made transparent in order to not compromise e.g. competitive advantage. 
In general, some resistance to blockchain-based solutions is still felt in businesses due to 
the lack of understanding about benefits, opposed to the change necessary to integrate 
blockchain. Empirical evidence showed measurable benefits and a clear interest in continuing to 
explore the potential application of such technology. Businesses are realizing how far and exactly 
how, can blockchain add value to business as usual. In addition, it has also showed a clear 
evidence that data or information recorded in the blockchain, can effortlessly be consulted by 
designated actors. In this case, regulatory players can perform near real-time audits, and datasets 
can be transferred across platforms for storing or monitoring. Therefore, reducing the friction in 
data-driven environments such as the ones managing the multitude of indicators needed to 
monitor and measure the bioeconomy. 
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5.2.4 TRIALABILITY 
This is the degree to which an innovation can be experimented with on a limited basis. An 
innovation that is trialable, represents less uncertainty to the individual who is considering it 
(mostly early adopters) and enables “learning-by-doing”. 
The infant state of blockchain-based solutions applied in biomass supply chain 
management, makes the presence of such products in the market, virtually absent. Most cases 
are related with first results from pilot project and very few are commercially available at scale. 
Such fact makes it unclear what type of business model will developers adopt. Their decisions 
might influence how companies react to their solutions and if, eventually, they will commit to it. In 
any case, pilot projects permit exactly for participants to trial the innovation while fully functioning 
on the old model. Not compromising operations in event of the pilot being abandoned. 
As concerns to blockchain architecture, no single actor is obligated to stay as a member of 
a blockchain solution. Conventional traceability will not cease to exist because adoption takes 
time and there are still many players who are not even part of integrated digital systems. 
Therefore, it would be unproductive for developers, to exclusively sell services that are 
incompatible with current practices. At least during a stage where supply chains are still adapting 
to change. Due to the network effect created by blockchain, companies and brands would 
eventually require a blockchain compliance to establish a partnership. Regarding the end 
consumer, solutions usually allow these users to access the platform without committing to any 
scheme. 
One aspect that may not facilitate the trialability stage, is the fact that solutions are being 
developed and implemented with maximum customer support. Developers extreme focus to 
provide the best solution possible, makes companies consider the investment and the risk taken 
on implementing an emergent technology. Subsequently committing to the project. Nowadays, 
the investment might be too high, to consider an early exit. In order to manage infrastructure 
costs, blockchain developers may take different approaches. For instance, by depending on a 
public blockchain – Ethereum – Provenance is able to create demo versions, thus facilitating a 
period of adoption. The open source approach it also facilitates the diffusion of knowledge by 
providing practices and guidance for trial periods or full adoption  (Ølnes et al., 2017). 
5.2.5 OBSERVABILITY 
The easier it is for individuals to see the results of an innovation, the more likely they are to 
adopt it. Visible results lower uncertainty and also stimulate peer discussion of a new idea. 
Distinct business models have emerged due to blockchain technological progress. 
Blockchain-based solutions developers have been introducing blockchain to several fields of 
today’s society and current economy. Inducing innovation in each application. Blockchain’s 
application in supply chain management has presented a solution to supply chains that was yet 
to be achieved with present technology. As regards to biomass supply chains, empirical findings 
show clear results both in research and business fields. As well as detailed outcomes and 
potential, under development, projects. 
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Different approaches can be recognized in the business sphere. On the one hand, big IT 
companies, namely IBM, are strategically partnering with companies who hold a big market share 
of their industry. In this case, Walmart as a large food retailer interested in improving its internal 
traceability system. As the pilot turned to be successful, IBM will release a commercially viable 
product able to fit the most complex food supply chain. Walmart is currently using IBM Food Trust 
solution in order to improve the performance of the flow of agri-food products, from farm to 
customer. On the other hand, small IT companies, namely Provenance, are partnering with 
brands who desire to engage with customers and end consumers by providing a back story to 
each product. Being concerned with having social impact, Provenance also works closely with 
certifiers and certification schemes, to develop a crosswise blockchain-based solution that is able 
to involve companies from different sectors of the bioeconomy. As to what type of blockchain 
companies use, IBM is focused on the Hyperledger consortium, a pseudo-private blockchain that 
is held by a group of stakeholders. Whereas Provenance is using Ethereum, a public blockchain 
that allows developers to create a multitude of applications. 
In the scientific research field, few papers are published regarding the use of blockchain in 
the bioeconomy agri-sectors. Nevertheless, the one presented in the empirical findings has 
demonstrated the innovative use of blockchain concerning environmental monitoring. With 
observable evidence that GCOIN blockchain is currently storing water quality data from several 
farm sites in Thailand. Not enough scientific journals are realising publications about this topic, 
however several conference proceedings are already available (Kumar & Iyengar, 2017; Tian, 
2016; Tse, Zhang, Yang, Cheng, & Mu, 2017; Xie, Sun, & Luo, 2017). All of them evaluating the 
inclusion of blockchain in agri-food traceability systems. 
The food industry is undoubtedly attracting much more blockchain speculation than the bio-
based industries. Even though, conventional bio-based industries, such as fabric and fashion 
industry, are currently deploying or demonstrating interest in implementing blockchain-based 
solution. Either business or consumer driven, both scenarios are real. The Seam, facilitator of 
online trading of agriculture commodities (e.g. cotton), is developing a solution in partnership with 
IBM. The purpose is to facilitate transactions over global supply chains. Although the first 
blockchain-related cotton transaction has already been performed in 2016 (Suberg, 2016). A 
shipment delivered from US-based Brighann Cotton, arrived um Qingdao, China. Upon arrival, 
staff checking in the bales triggered updates to a contract, which automatically signalled 
ownership transfer and released payment. The experimental move of $35,000 was successfully 
traded via blockchain, generating enthusiasm from partners and speculators alike. In a different 
context, blockchain is being introduced to bring transparency to the fashion industry, exposing 
social and environmental claims and improving circularity (Susanna Koelblin, 2017; Zachary 
Walton, 2018). 
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6 DISCUSSION & CONCLUSION 
To sum up and discuss the findings of this research, chapters 6.1 and 6.2 will present a discussion 
that contributes to the understanding of research questions i) and ii), respectively. Chapter 6.3 
encompasses these findings’ implications, as concerns to the main and leading research question 
1). Moreover, it gives orientation to further research. The last chapter, 6.4, offers the author’s 
perspective on the process and execution of the overall research. 
6.1 BLOCKCHAIN AS A SERVICE FOR BIOMASS SUPPLY CHAINS 
RQ i) HOW DOES IT CONTRIBUTE ON AN OPERATIONAL LEVEL? 
The current and potential contribution of blockchain technology for the better functioning of 
biomass supply chains, can be understood from both the agri-food and bio-based industry 
sectors. Considering the needs and drivers for traceability and transparency of each system, 
blockchain properties have shown to provide a cost-efficient solution to some of the current 
struggles around supply chain management. Business managers, operating in a global trade 
environment, consider that the blockchain ledger, smart contracting for processing transaction 
and time stamping are some of the most valuable functionalities (Korpela et al., 2017). 
AGRICULTURE COMMODITIES 
No blockchain-based solution would be completed without addressing this first tier of 
bioeconomy. The integration of technologies in these systems has been increasing immensely 
due to the benefits that farmers and producers can take from data driven decision making 
processes. The introduction of ICT in agriculture has shifted the paradigm of the “rural uneducated 
farmer”, to a highly educated professional capable of integrating different technological services. 
Thereby obtaining higher profits from biomass production. Not only that, but also using 
certification schemes and standards as guidelines, production systems can function in a more 
sustainable way. Certification schemes show to be most relevant for the high imported volume of 
biomass from under-developed countries to Europe. Importation increases the risk of counterfeit 
goods, misinformation and lack of traceability along the supply chain. 
Therefore, certification schemes, and implementation of chains of custody, aim to achieve 
the purpose of traceability from production to the end consumer. However, information may get 
lost in manufacturing and transportation phase. Rarely being fully disclosed to the end consumer. 
When it does, is usually through low depth labelling (e.g. organic farming or fair trade). The 
integration of blockchain in current agriculture ICT strategies is not that hard to achieve. Assuming 
most of the hardware infrastructure (e.g. computational power, sensors and tags) is already in 
place, blockchain would only assume the role of a distributed database. By using blockchain 
technology as the data layer for the whole supply chain, agricultural data can be submitted via 
IoT or the producers themselves, with the approval of a certified mechanism. Existing certification 
schemes, who provide a standard agreement on sustainability in bioeconomy, can use this 
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platform to enhance their visibility in the value chain. A clearer understanding and the digitization 
of information might ease the selection process downstream the supply chain. Agriculture finance 
innovations, especially for developing world farmers, include transparent and efficient futures 
contract payment platforms, smart contract insurance against crop catastrophes, and 
microfinancing opportunities for under-served communities (Kim and Laskowski, 2017). 
AGRI-FOOD SYSTEMS 
As the biomass turns to be agri-food, safety and security concerns are of utmost 
importance. The industry’s direct relationship with end consumers has turned every stakeholder 
(including consumers) very much aware of the importance of traceability and transparency. Not 
only for better supply chain management performance, but also because conscious consumers 
demand for higher transparency in the products they purchase. Due to the demanding market, 
blockchain technology has been adopted in the food industry by both large and smaller players. 
On the one hand, IBM collaboration with Walmart shows the importance large food retailers give 
to traceability systems and their willingness to adopt innovative technologies. In addition to the 
growing interest by high-end companies to develop commercially scalable blockchain-based 
solutions. In this case, Hyperledger technology serves the IBM Food Trust – as it also works for 
other IBM blockchain-based solutions. A consortium blockchain was opted due to its reliability 
and scalability. However, the cost to maintain a consortium blockchain hinders small players to 
participate. The existence of public blockchains (e.g. Ethereum), somehow complemented by 
private characteristics – a hybrid solution – enable small enterprises to develop blockchain-based 
solutions. Subsequently, on the other hand, Provenance’s mission to illustrate the story behind 
products using blockchain, reveals the adaptability of the technology. With a lower cost, this 
company is capable of designing solutions that fit their clients’ needs. Reaching a more diverse 
market of small companies as well. 
Although having different approaches, the current solutions in the market achieve the same 
purposes, with slight variances. They are similar in the way transparency is the main driver for 
the development and implementation of such solutions. Nevertheless, it is clear that corporate 
solutions are mainly business driven, which means that they value supply chain performance the 
most. Focusing on operational efficiency and cost reduction. While small enterprises use 
blockchain to leverage consumers’ conscious decisions regarding their purchases. Furthermore, 
small enterprises also work closely with certification schemes to increase their visibility, through 
interactive labels. The increasing market share, and adoption of blockchain by this particular 
group of players, satisfies the need for a minimum viable ecosystem. Consequently increasing 
the chances of success at larger scale (Sternberg & Baruffaldi, 2018). Interoperability between 
systems, will allow supply chains to be more connected and therefore more resilient to market 
changes. 
The overall contribution to the agri-food supply chains involve a higher degree of trust 
among stakeholders, allowing a better informed and more effective decision making. Food safety 
and security are attained by integrating blockchain into current practices (e.g. standards and 
certification mechanisms). Auditors and certifiers have a particular access to information stored 
in the blockchain. An increased transparency can also be provided to keen consumers who wish 
to obtain more detailed and trustworthy information regarding agri-food products. In addition, 
blockchain-based solutions regarding agri-food are also being presented in several conference 
95 
proceedings (Kumar & Iyengar, 2017; Tian, 2016; Tse et al., 2017; Xie et al., 2017) and 
businesses focused on transparency are shifting their technology to blockchain technology 
(Transparency-One, 2016). All of which can be caused by blockchain recent hype and the need 
to remain relevant, or it actually shows blockchain’s relevance to pre-existing businesses and 
research communities. 
B IO-BASED INDUSTRIES 
Blockchain integration into the agri-food system seems to be almost frictionless, since this 
industry is already very much developed and innovative technologies tend to be adopted 
(Sternberg & Baruffaldi, 2018). However, when it comes to bio-based industries, the panorama is 
substantially different. Despite some hype and solutions developed around conventional bio-
based industries, clothing and fabric for instances, the emergent sectors of bio-based industries 
are still away from the blockchain umbrella. A need was recognized in the implementation and 
adoption of integrated biorefinery systems. The difficulty to provide a certain level of trust between 
different players, in addition to the volatility of the market, acts as a barrier to this sector’s growth. 
The existence of certificates and standards (e.g. RSB), aims to provide stakeholders with 
enough information to assure the quality of biomass and products. Provenance partnership with 
RSB standards, reveals the potential blockchain may have in biomass supply chains. The RSB 
had already tested e-certification to track bio-based content along the value chain, to make it 
easier for manufacturers to choose plant-based materials (RSB, 2017a). Nevertheless, the 
presence of blockchain technology can be further explored. The integration of near real time data 
with the information systems for biorefinery supply chains, along with an enhance visibility over 
sustainability standards, can provide a better understanding regarding operations. Hofmann and 
Rüsch (2017) suggest blockchain will help facilitate further supply chain integration. Industries 
and firms who are already established, may not be willing to invest in new approaches. 
Fortunately, bio-based industries are still in an early stage, which may facilitate blockchain 
adoption upon identifying clear benefits and a relative advantage towards other technologies. 
Contrary to food supply chains, bio-based industries compete directly with already 
established industries (e.g. oil and other non-renewables). Competitiveness stresses drivers such 
as increased logistics and sustainability. All of which are enhanced by integrated systems based 
on transparency, trust between actors and traceable products (Bosona et al., 2018). “Once 
provenance-based blockchains are in place, organizations can extend visibility with solutions that 
audit regulatory compliance or manage later stages in the lifecycle of a product through 
warranties. The most significant and far-reaching business-model changes are possible as 
multiple blockchains begin to interoperate. These networks of networks could be the basis for an 
entirely new approach to supply chain transformation” (IBM, 2018b). Moreover, a blockchain-
based tracking system reduces risk and raises the bar on real-time quality management in 
production and distribution. Directly tackling concerns of wastage, spoilage and fraud for such a 
volatile asset – biomass. It is expected that businesses will tend to adopt private and consortium 
blockchains (Sternberg & Baruffaldi, 2018). Public blockchains are still under development in 
terms of scalability and reliability, which might frighten players who hold a larger market share. 
Furthermore, large manufacturing companies may be reluctant to disclose lifecycle 
transparency and automated payments, as occasionally these are used as a business leverage. 
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However, upon demonstrating the value of blockchain in other areas, industrial and governmental 
organisations may be more willing to accept it (Abeyratne & Monfared, 2016). The role of 
blockchain in biorefinery integrated systems can be crucial to solve the issues of distrust, on the 
basis of unchanged information and traceable records through standardized norms and 
agreements. By integrating blockchain as the data management tool for the already existing 
models and SCM tools, biorefinery supply chains might enhance their productivity. The possible 
interoperability between different value chains – which are mainly distributed per regions – can 
increase the efficiency of the use of biomass and corresponding pathways. Therefore, allowing 
bioeconomy clusters to share information with other clusters, without necessarily belonging to the 
same private information network. 
"SMART-BIOECONOMY” 
Setting up automatic executions of quality management contracts, enables to develop an 
auto-run intelligent system (S. Chen et al., 2017). One may argue the possibility of achieving a 
peer to peer biomass transactions network, self-governed with blockchain technology. The use 
of current models and tools for biomass supply chain optimization, consider a holistic perspective 
over the value chain. This perspective includes the origin of biomass, current policy and monetary 
incentive in actions, food supply and demand, LCA, energy and materials, and others. By 
including blockchain, stakeholders would be willingly disclosing data from agriculture production 
to end consumer – which already is happening across some sectors. When combining this data 
with the factors mentioned above, the system itself would have enough input and modelling power 
to aid on a better decision making for complex supply chains. 
Theoretically, by disclosing data via the blockchain, each player would remain under pre-
established rules. These may involve privacy restrictions, real-time audits, new certification 
mechanism and an overall adaptation to a new information system. In any case, these are 
measures that are necessary for the sustainable functioning of this type of networks. Otherwise, 
the platform is considered unreliable, the network effect decreases, and it loses its value. By 
including every stakeholder from the bioeconomy sectors, the network effect is assured and SCM 
tools for biomass optimization can achieve their full potential. Thus, contributing to the efficient 
use of biomass, obtained from sustainable production and capable of integrating the circular and 
cascading virtues of the bioeconomy. A Peer-To-Peer Platform for Decentralized Logistics has 
already been proposed (Gallay, Korpela, Tapio, & Nurminen, 2017), and involves the use of 
Industrial Data Space, IoT and Blockchain. The same concept could be applied in biomass supply 
chain operations. 
Blockchain technology has introduced a new mechanism and ways of thinking to supply 
chain management (S. Chen et al., 2017). However, a lot of research and “learning by doing” is 
still missing. The current adoption of the technology by the bioeconomy sectors, can only 
demonstrate the potential of its benefits. Its full potential may only be reached when the critical 
mass is achieved and when every tier of the supply chain trusts the blockchain environment. 
Whether to promote provenance, ease payments or enable real-time audits. Until there, 
technological and organizational barriers, across the supply chain, must be overcome. Current 
blockchain solutions show that the versatility of the technology, is capable of fitting very distinct 
environments. Future developments may create even more frictionless interactions with the 
blockchain ecosystem, easing the adoption process. The evolution of 4.0 Industry among 
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bioeconomy sectors, both production (Bronson & Knezevic, 2016) and manufacturing (Hofmann 
& Rüsch, 2017; Stock & Seliger, 2016; Wang, Wan, Zhang, Li, & Zhang, 2015) is a factor that will 
allow a more effective integration of blockchain as a data management tool – storing and 
transacting functionalities. 
6.2 BLOCKCHAIN AS A SERVICE TO MONITORING AND 
SUSTAINABILITY 
RQ ii) HOW DOES IT ENHANCE THE MONITORING CAPABILITY? 
The implications associated with bioeconomy’s growth, call for a serious and systemic 
understanding about each of the sectors it comprises. Biomass availability is a major pillar for a 
successful bioeconomy, however it should not compromise the ecosystem services from which 
the biomass is being extracted. And it should not negatively affect the socio-economic dynamic 
around its practices. In the manufacturing stage, biomass should be used efficiently on the way 
to convert it into maximum economic growth, with the lowest environmental impact. The 
overarching idea is that circular economy values and cascading pathways should be implemented 
to assure a lasting bioeconomy. The use of biomass also raises concerns regarding the food 
industry, in this case food safety and security must firstly be assured before considering the 
expansion of the bio-based economy. 
Sustainability assessments and monitoring strategies are, therefore, key for the success of 
bioeconomy. Sufficient efforts have been dedicated to the development of assessment 
methodologies and sustainability criteria (Budzinski et al., 2017; Cristóbal et al., 2016; Fritsche & 
Iriarte, 2014; Hildebrandt, Bezama, & Thrän, 2014; O’Brien, Schütz, & Bringezu, 2015). Among 
others, one barrier stands in the accuracy, integrity and availability of data used in process 
monitoring. The unreliability of international trade statistics, insufficient data in some bioeconomy 
sectors and lack of transparency in biomass supply chains are some of the main obstacles to an 
effective measuring and monitoring of the bioeconomy (R. Meyer, 2017). 
Blockchain technology has introduced some beneficial features to process monitoring. 
Firstly, by integrating local off-chain data with decrypted local copies of on-chain data, the process 
can be monitored independently by each involved party. Thus, globally providing an appropriate 
infrastructure for continuous conformance and compliance checking, for data being processed 
via the blockchain. Secondly, based on the exchange of monitoring data, it is possible to verify if 
every involved stakeholder is filling its contractual obligations. This way, “blockchain can be 
exploited to store the process execution data and handovers between process participants” 
(Mendling et al., 2017).  
BLOCKCHAIN INTEGRATION WITH CURRENT SYSTEMS 
The impact blockchain technology has on the monitoring of the bioeconomy sectors, relies 
not only on the intentional use of blockchain for monitoring strategies, but also when blockchain 
serves a purpose to supply chain operations. Whether discussing agriculture, agri-food or bio-
based products, the benefits blockchain brings to each set of players is what incites them to 
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transparently share data and information regarding their practices. Thereby, the resulting data 
regarding the monitoring strategies for a sustainable bioeconomy, comes from the participation 
of both groups: producers and manufacturers, and certification schemes and auditors. This 
approach allows to verify and authenticate the information that is being submitted, consequently 
creating reliability. After storing data on the blockchain, it remains available in an immutable way 
to be accessed upon verified digital identities. Which may ease the process of gathering data for 
monitoring and measurement. To collect both qualitative and quantitative data, blockchain-based 
solutions depend on the adoption of ICT and implementation of certification schemes. Only 
through one or the other, is possible to gather reliable information for effective monitoring and 
sustainability assessments.  
The use of ICT for supply chain management and sustainability (Parihar, Mishra, & Rai, 
2010; Singh et al., 2014) has been integrated into the agricultural practices and the food industry 
as a mean to obtain measurable data. Enabling a more comprehensive approach to decision 
making and increase accountability. Through the use of remote sensing, IoT or sensors and tags, 
supply chains have been able to associate digital information with physical goods and practices. 
Keeping a record of these data is usually done by private centralized companies or internal 
databases. The introduction of blockchain to current systems, not only offers a cost benefit 
solution to the secure and immutable storage of information, but also enables to share it with 
critical actors. Through the use of smart contracts, a M2M (machine to machine) environment can 
easily be executed in the blockchain (Sternberg & Baruffaldi, 2018), sensors can directly submit 
data without the interference of a human intermediary. 
The development and implementation of sustainability standards and certification schemes 
have been increasing in the European bioeconomy panorama. Where mandatory and voluntary 
certifications can be included, being the latter the most common among companies, organisations 
and multi-stakeholder initiatives. Such schemes include feedstock and supply chains for 
bioenergy, but also for food/feed and biomaterials (Fritsche & Iriarte, 2014; Hildebrandt et al., 
2014). Current supranational sustainability schemes face challenges due to different national and 
local regulations and understandings, as well as difficulties in establishing efficient monitoring and 
auditing systems (De Besi & McCormick, 2015). Certifications and labelling schemes are only 
valuable and recognized, when standardisation is established among stakeholders. 
Blockchain-based solutions have been able to enhance the visibility and information 
regarding the labels that flow through the supply chain. Thus, facilitating the understanding behind 
each label or certificate. Based on a close partnership with certifiers and auditors, companies are 
digitally registering on the blockchain the certification they obtain, along with the information that 
verifies it. Later, this information can be accessed by other actors and end consumers, via smart 
tags or other mechanisms. An increased transparency on certificates, and its continuity along the 
supply chain, generates better interoperability between different systems and enables specific 
actors to retrieve relevant information regarding monitoring and measuring strategies. Voluntary 
initiatives have gained a considerable market share. Projects involving multiple parties and 
blockchain service providers (Provenance, 2017), not only introduce technological virtues to the 
system but also comply members to work towards standardized criteria. Ultimately, mandatory 
global certification for all kinds of biomass is considered a long-term goal (Matos, Garcia, 
Manfredi, et al., 2015). 
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SUSTAINABILITY AND MONITORING IMPACT 
According to the sustainability criteria reviewed in Chapter 3.1.3, indicators can be 
aggregated according to the ‘triple bottom line’ approach (Henriques, 2013) or based on the five 
societal challenges addressed by the bioeconomy strategy for the European Union (European 
Commission, 2012). Inevitably, both strategies address common factors, although the scope of 
analysis is different. There is not a clear understanding on which strategy should be prioritized 
since it is nearly impossible to aggregate all the relevant criteria under one single truth. Therefore, 
this research aims to understand how the current and potential contribution of blockchain can 
relate to different sustainability assessment approaches. 
The systemic monitoring strategy proposed by O’Brien (2017) uses the political agenda, 
regarding environment, economy and social, to map out data requirements and indicators 
needed. Comprehending the totality of the bioeconomy. The approach by S2BIOM, comprises 
most of the same indicators, but it specializes in bio-based materials and energy only (Londo et 
al., 2015). The approach undertaken by the SAT-BBE project focuses specifically on the 
challenges, and therefore tries to provide a direct and clear answer to the effectiveness of the 
bioeconomy strategy. To further improve policy making. 
Based on blockchain’s ability to be the repository of truth for supply chain operations, it can 
drastically change the way LCA is perceived. Keeping a record of each step of the product’s life 
cycle and attribute to it quantifiable properties regarding environment and socio-economic 
aspects, may increase the accuracy and reliability of LCA methodologies (Abeyratne & Monfared, 
2016; Weidema & Klarmann, 2017). In the case of agriculture commodities, there is an inherent 
variability both in the inventory data and in possible impacts. Which suggests a need for improving 
the quality of the data available in LCA databases. Based on the idea that the struggle to collect 
such an amount of data turns the all process unfeasible, Notarnicola et al. (2017) discusses a 
solution where “structured regionalised datasets would allow the LCA practitioner to tailor the data 
to specific case studies”. However, by using blockchain as a service, companies who voluntarily 
submit data into the blockchain can opt to share it with LCA datasets or use it directly in their 
products assessments. Therefore, performing LCA based on real data. As it was discussed, not 
only can the life cycle perspective involve environmental aspects, but also social and economic.  
In view of the ‘triple bottom line’ approach, blockchain can address a very broad spectrum 
of fields. From the environment perspective, the technology has been being used mostly for water 
monitoring and carbon footprint accountability, in addition to the digitization of certificates (e.g. 
organic farming and RSB standards). The strategy behind data collection of water quality, can 
easily be applied to water use efficiency. In the possibility of recording on the blockchain data 
about water availability, it may increase the accuracy of water footprint assessments, due to data 
reliability and availability. Although it is not clear what information is associated with digital 
certificates, blockchain technology might increase transparency on value chains of imported crops 
from water scarce regions. Ultimately contributing to a sustainable development overseas. 
Just as water quality data is recorded on the blockchain, so does soil quality data can be. 
Based on sensor technology and IoT, data can be record without human interference and assured 
integrity for further access and management. Provenance partnership with Soil Association can 
improve the interaction between soil-related data and blockchain datasets. As the information 
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regarding soil increases, both in depth and quality, land footprint assessments can benefit from 
data collected via blockchain services. Although blockchain is still apart from biodiversity 
conservation, scientists (Schiller, 2018) have suggested its use to map and hold digital contracts 
regarding Amazon’s wildlife – due to some medical properties – while others want to digitize 
different genomes (Schorchit, Monteiro, Gouveia, Fischer, & Rebelo, 2018) in order to create a 
more transparent and fair relationship between science and industry. Both cases are pioneering 
the way blockchain can integrate cellular and life-science structures. 
On the topic of mitigation and adaptation to climate change, blockchain shows to be useful 
when combined with certification schemes and sustainability standards. The integration of 
blockchain in the diffusion of compliance across the supply chain, verifiable by real data, allows 
for a posterior analysis on the crops response to climate events or farmers behaviour and 
technical options. Ultimately, the certification scheme in question and the system built around the 
blockchain, dictates the reliability of such data. On a more concrete level, Provenance has been 
testing the ability to trace and measure the carbon footprint of products from origin to consumer 
(Manivannan, 2018). The success of this pilot will increase the accuracy of data and enhance the 
availability of that same data to key stakeholders. Besides the customer experience for those who 
are aware of climate concerns, and companies who intend to improve their corporate 
responsibility and sustainability strategies. 
In the social sphere, blockchain technology can have a great impact in exposing human 
and labour rights, by increasing the visibility of the certification and labelling schemes. It can also 
help to assure land tenure and bring transparency to employees’ wages and work conditions. By 
involving every stakeholder of the value chain, including consumers, it boosts the participatory 
nature of value chains and it can also extend the current understanding on food security. For 
instance, intake data in households can be estimated based on consumer’s access to the 
blockchain. In addition to a better monitoring on food waste (Abeyratne & Monfared, 2016), both 
from households and retailers. A closer look into consumers’ options can lead to better modelling 
in LCA (e.g. the use phase) and better understanding on dietary shifts (Notarnicola et al., 2017). 
The economic aspects of a sustainable bioeconomy can again be associated with the 
benefits between blockchain and products’ life cycle. Financial transactions, and financial related 
information, occurring via blockchain would allow its access in any step of the supply chain. 
Through the innovation perspective of this new economic model, the technology may be useful in 
identifying data on the re-usage of bio-based products and existing or potential cascades. 
S2BIOM has already established a platform that aims to provide assistance to better logistics, 
more efficient biomass pathways and increased circularity. The inclusion of distributed ledger 
technology can further increase the effectiveness of this system along with its sustainability 
criteria. Circularity and cascading are some of the potential benefits value chains can take from 
distributed ledger technologies, such as blockchain (Baker, 2016; EIG, 2018). The adoption of 
blockchain and its integration in logistics and trading, can collect important data for the monitoring 
of bioeconomy sectors on a global scale. Logistics is one of the major use-cases for blockchain 
commercial usage (Badzar, 2016; Francisco & Swanson, 2018; Hackius, 2017). Therefore, its 
adoption by the bio-based sectors is reasonable considering the complexity of the supply chains. 
As for the effectiveness in addressing the data requirements and gaps to the five societal 
challenges (van Leeuwen et al., 2015), blockchain adoption would be beneficial in several 
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aspects. Regarding the issue of food security, the technology is capable of increasing 
transparency in food prices and wages for farmers and manufacturers. In addition, based on the 
adoption by end consumers, it has the ability to generate more information on consumption 
behaviours. The management of natural resources and sustainability is addressed by the 
demonstration of water monitoring and potentially soil and biodiversity. To reduce dependence 
on non-renewable resources, blockchain platforms would allow for higher detail of data for LCA 
and would improve logistics and SCM for biomass supply chains. The impact on climate change 
would be represented by the accountability and increased transparency on products’ carbon 
footprint. Thereby supporting customers’ decision making and increasing data availability. 
Blockchain’s contribution to creating jobs and increasing Europe’s competitiveness may not be 
applicable at the present moment due to the technology infancy and considering the focus on 
SCM. 
6.3 IMPLICATIONS OF THIS RESEARCH 
RQ 1) IS BLOCKCHAIN AN INNOVATIVE TOOL FOR THE DEVELOPMENT OF THE EU BIOECONOMY? 
BLOCKCHAIN IN A DATA DRIVEN EUROPEAN (BIO)ECONOMY 
The inclusion of innovative digital technologies has been part of many political efforts 
(European Commission, 2018d). Specially upon identifying the internet as a major system-
changing tool in nowadays society and governance. The management of private and personal 
data, especially in the EU, has been targeted with new regulations that aim to protect data for 
citizens and companies (European Commission, 2018c). Agriculture commodities are no 
exception. The increasing amount of ICT present in agri-systems has created an all-new layer of 
data that needs to be stored, protected and displayed. However, property rights are often 
confusing due to the variety of stakeholders contributing and interested in the collected data 
(Bronson & Knezevic, 2016). 
Potential benefits of blockchain applications in e-government have been identified. Along 
with the role of governance of blockchain architectures and its compliance with societal needs 
and public values (Ølnes et al., 2017). Governments recognize that the technology provides the 
framework for governance to reduce fraud and redefine the relationship between government and 
the citizen in terms of data sharing, transparency and trust (Walport, 2016). Since the bioeconomy 
strategy is built in way to influence policy making into taking active action towards the sustainable 
use of biomass and ecosystems, blockchain can serve as a tool for better governance and 
increased transparency. 
Some of the benefits blockchain brings to supply chains are unquestionable. Empirical 
findings showcase some of the current outcomes and potential benefits of the technology being 
applied in the bioeconomy sectors. Its adoption is also analysed, concluding that the innovation 
was already recognized by early adopters, mostly in food chains. Its progress may continue 
according to Rogers’ theory of diffusion of innovation. However, blockchain’s adoption by supply 
chains has been stalled by both technical and organizational challenges. Among them is the need 
of keeping digital records in sync with their offline counterparts (Thucker & Catalini, 2018). Which 
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requires for businesses and consumers to rely on trusted intermediaries to effectively bridge the 
“last mile” between a digital record and a physical good, individual or event. Only that way, can 
companies assure not only the integrity of data, but also its reliability. 
The use of current ICT and certification bodies have been identified as key factors to verify 
and validate the data being submitted to the blockchain. In ICT, the use of IoT, sensors and tags, 
adoption of precision agriculture and transition to Industry 4.0 in manufacturing, are all part of an 
equation which directly relates to blockchain’s data management properties (Kostić, Tang, & 
Jönsson, 2017; Lin et al., 2017; Serooskerken, Martens, & Steenhagen, 2018). These are 
responsible for attaining quantitative data from a wide spectrum of environments. Certification 
bodies and auditors are the ones who deploy sustainability strategies and implement them. Using 
blockchain as the layer where processed information can be deployed. Eventually reaching 
designated partners or end consumers. The push of certification schemes in the European 
bioeconomy aims to achieve a standardized understanding on the usage of biomass, production 
of bio-products and overall sustainability. Consequently, blockchain adoption will also rely on 
stakeholders’ willingness to integrate ICT into their practices, or to comply with global standards 
and certification entities. 
Interoperability between private and shared information systems is needed from 
blockchain-based solutions. Despite current solutions capability to communicate information 
along the supply chain, as the network grows, and solutions are deployed in different blockchains, 
the lack of standardization (Carlo, 2018) in the sphere of Industry 4.0 and SCM may compromise 
the accomplishment of the network effect. Along with blockchain’s own bottlenecks, such has the 
scalability issue for public blockchains, or immutability guarantee on private blockchains. For now, 
companies have achieved interoperability between systems through fitted solutions and API 
integration. 
BLOCKCHAIN ROLE IN MARKETS ENHANCEMENT AND COMPETITIVENESS  
Under the guidelines of the European strategy for bioeconomy, biomass supply chains are 
being positioned in a more complex and relevant stand. The thrive to enhance the market share 
of bio-based products, while assuring food security and ecosystems resilience, creates a need to 
more organized networks and effective monitoring systems. Blockchain has demonstrated its 
value in the agriculture, food and bio-based products fields. The innovative technology allows 
members of the supply chain to record information regarding a physical good, to track 
transactions, verify claims, link digital information to physical assets and to share information 
across the whole value chain. 
Research shows that tech-companies are investing more resources in food chains. The 
demand for traceability and transparency is clear and very much present across society (e.g. 
policy, brands, supply chains and end consumers). As blockchain is already being adopted within 
the food industry, collaborations are coming across in the bio-based products sector. One element 
common between both, is the way blockchain technology has created better visibility for 
certification schemes and labels. In line with the actions of the strategy’s third pillar, the 
technology is promoting green procurement and the uptake of innovative and sustainable 
products and materials. Additionally, it is also increasing awareness among consumers, by 
illustrating and providing relevant information regarding the supply chain sustainability. When 
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displaying verified product’s provenance and properties, value chains are empowering citizens 
with transparency and conscious buying, and consequently, promoting healthy and more 
sustainable lifestyles. 
Not only motivated by consumers’ perspective, biomass supply chains also benefit from 
increased transparency. The inclusion of certifications schemes and chains of custody on the 
blockchain, creates a distributed layer of digital information where every stakeholder involved in 
the scheme is digitally represented. By connecting multiple players in an immutable distributed 
ledger, blockchain is promoting the creation of networks with the purpose of improving logistics 
and supply chain management. Ultimately integrating cascading pathways and enhancing the 
circular economy inside the bioeconomy. The inclusion of blockchain in current biorefinery 
integrated systems, can substantially improve the transaction of information down and up-stream 
the supply chain. Facilitating business operations and assuring overall sustainability. Which again 
promotes the establishment of reliable regional and global networks. 
When being a member of a blockchain network, and willingly sharing data or information 
about products, practices or individuals, members are subjected to higher scrutiny and near-real 
time audits. Which guarantees the quality and validity of the data being submitted. At the same 
time, data can be facilitated to other monitoring entities, with the goal to use real-life data to 
analyse complex scenarios, such as examining land use trade-offs. However, blockchain software 
and algorithms should continuously be audited to ensure its proper functioning and the 
compliance with current legislations (Ølnes et al., 2017). While creating networks across multiple 
supply chains, its members are also collecting data that can easily be attained by auditors and 
monitoring projects. The authentication and availability of data can afterwards contribute to the 
understanding of biomass supply and demand, and have better control over the impacts related 
to bioeconomy activities. 
BLOCKCHAIN CONTRIBUTION TO THE B IOECONOMY OBSERVATORY 
Under the action plan of the second pillar, the BISO project was established at the JRC to 
“gather data and indicators to assess the progress of bioeconomy markets and socio-economic, 
scientific, technological and legislation impact. It shall produce foresights and forecasts on bio- 
economy, scenario analyses for aiming at supporting policies and derive research and innovation 
directions” (M’Barek et al., 2014). The Observatory should act as a reference source of 
information for the bioeconomy multiple dimensions. Acting as a centralized source, it should 
provide reliable information, including both quantitative and qualitative data. Delivering 
information to a wide range audience of policy-makers, supply chain stakeholders and citizens. 
In view of the Observatory’s attention into the markets and competitiveness pillar, it is 
reasonable to foresee blockchain’s contribution as an effective tool for data collection – upon 
considering the already discussed role of blockchain in markets enhancement. For the matters of 
BISO objectives, this technology can support existing databases and help develop new ones. By 
serving as a service to biomass supply chains, members of the blockchain are allowing for the 
data to be scrutinized by any designated digital identity. In this case, not validating or 
authenticating information, but purely collecting data that is already verified. Depending on the 
architecture of the solution, digital identities can be attributed to the Observatory. 
 
104 
Considering most businesses prefer the implementation of private blockchains, it might 
compromise the effective transaction of information among stakeholders of complex biomass 
value chains. Nevertheless, standardization can be implemented in order to improve the ability 
for the observatory to collect data. Wu et al. (2017) propose a hybrid solution where both private 
and public can be combined. Sensitive data can be stored in a private ledger, whereas data that 
require a high trust level can be stored in a public ledger. Other solutions may also involve off-
chain storage of data, subsequently to an authenticated record on a trusted blockchain. As data 
becomes widely available, big data surges as a required topic in managing and transacting such 
amount of data. Decentralized solutions for big data exchange aim to use blockchain’s properties 
to allow participants to cooperate on the exchange of data in a peer-to-peer way (J. Chen & Xue, 
2017). Considering unnecessary a third party to establish governance, it provides a higher level 
of trust in the data being produced. While it remains available to audits and monitoring. 
This new mechanism on collecting data, can be implemented in parallel with current 
procedures. It represents an alternative to DataM and other strategies. Working under a frame of 
sustainability criteria provided by the observatory, the use of this technology can bring great 
benefits. As research shown evidence of blockchain usage to match different indicators and data 
requirements, it creates the possibility to share that exact data with relevant members and 
partners of the observatory – since JRC was designated to execute the action plan. Several 
problems related to data availability and integrity, similar to already identified gaps, can be 
addressed by the integration of a technology such as blockchain. Naturally, huge amounts of data 
will have to be considered. The introduction of parallel innovative technologies such as artificial 
intelligence, machine learning and big data can be part of the solution. However, these matters 
stand outside of this study’s scope. 
Considering the interest in using LCA as a standard assessment, in addition to the insights 
from previous studies, it is expected that collecting data via the blockchain will increase the 
integrity and availability of data. Carbon footprint of a product life cycle is already a reality in the 
blockchain ecosystem. It is a matter of time until several factors of LCA methodology are record 
on blockchains. Then, assessments might use real-life data to measure environmental impact. 
Whereas the use of general databases may decrease the accuracy of the results. The global 
reach of blockchain technology will allow stakeholders to keep record and share relevant 
information along international supply chains. Contributing to more reliable lifecycle assessments 
and going in line with BISO objective to understand regional and global impacts. If blockchain is 
deployed over a clear and standardized set of sustainability criteria, it will not only increase 
auditors’ efficiency and effectiveness, but also contribute to the integrity of datasets for 
environmental data, possibly others. 
Following the Horizon 2020 Work Programme for 2018 – 2020, the plan for “Sustainable 
Food Security” and “Rural Renaissance” fits under the 9th object (European Commission, 2018e). 
The programme is structured around three calls, and within it a number of topics contribute to the 
“Low Carbon Economy”, “Circular Economy” and “Digitization”. The activities predicted in the 
document will contribute to implement important EU policies and initiatives such as the EU 
Common Agricultural Policy and European Innovation Partnership for Agricultural Productivity 
and Sustainability, the EU Bioeconomy Strategy, the Circular Economy Strategy and others. 
 
105 
Table 6.1 - Blockchain contribution to H2020 Work Programme 2018 – 2020 (European Commission, 
2018e). 
CALL BLOCKCHAIN ROLE POTENTIAL BENEFITS 
CE-SFS-25-2018: Integrated 
system innovation in valorising 
urban bio-waste 
Involvement in recording a digital chain of 
custody, allows to identify every player in 
the value chain and each step of the 
product’s lifecycle. 
Improve stakeholders and consumers 
involvement in urban bio-waste value 
chains. Real-life data for more 
effective LCA and logistics models. 
DT-SFS-26-2019: Food Cloud 
demonstrators 
Contribution to the governance of data 
authentication, transaction and security, 
in data-sensitive environments. 
Collaboration with the EOSC and the 
Food Cloud can increase data sharing 
systems and open sourcing. 
SFS-31-2019: ERANETs in 
agri-food (A) 
Complemented by other ICT (e.g. IoT), 
provides an infrastructure for data to 
securely circulate along complex value 
chains. 
Enhanced transparency for 
sustainable SCM and empower 
consumer’s decision-making process. 
SFS-37-2019: Integrated 
approaches to food safety 
controls across the food chain 
Has demonstrated, blockchain allows for 
players of a global food chain to ensure 
food safety regulations in near-real time 
scenarios.  
Platform for cooperation to mitigate 
food safety risks and improved 
effectiveness and efficiency of audits. 
RUR-13-2018: Enabling the 
farm advisor community to 
prepare farmers for the digital 
age 
Blockchain’s network effect compels 
players of a given supply chain to 
collaborate and converge to 
standardization and interoperability. 
Blockchain increasing presence in 
SCM promotes the diffusion of other 
ICT, due to the interaction established 
between technologies. 
The calls to which blockchain can provide a beneficial contribution are described in Table 
6.1. The technology shows to be of value in the fields of integration of digital technologies in 
biomass supply chains, and the benefits it can bring by serving as a platform for multiple 
stakeholders. Other calls such as RUR-20-2018: Digital solutions and e-tools to modernize the 
CAP, can also integrate blockchain’s smart contracts. Although not directly related with SCM, 
digital payments in complex systems can be innovated with blockchain technology, as it has been 
shown in other fields (IBM, 2018a). 
Blockchain presence in multiple industries demonstrates this technology usefulness and 
flexibility. Its application in supply chains can take several forms too, and different players in the 
market are providing the community with verifiable examples. Blockchain’s role in bioeconomy, 
specifically under the strategy for the EU, can address several of the sectors which compose it. 
Clearly with higher correlation with agri-food chains, but already showing evidence of possible 
expansion. The potential benefits of its implementation have already been discussed in the 
present document. However, it should be highlighted that the reasoning behind this research 
endorses a system where data is no longer something entities need to look for, but rather it 
seamlessly reaches all the interested parties. Engaging every individual of the value chain, from 
farmer to end-consumer, can contribute to more connected and transparent bioeconomy. 
FUTURE RESEARCH 
Results from this research show evidence of the usefulness, current and potential, of 
blockchain in the bioeconomy. However, efforts should be continued to obtain better 
understanding of its innovative potential. Firstly, upon the release of the updated Bioeconomy 
Strategy (European Commission, 2018a), special attention should be given to the importance of 
digital technologies, cooperation platforms and transparency demands. The role blockchain can 
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have in the future bioeconomy is partly dependent on how clearly the strategy calls for this type 
of solutions – considering already the match with the Work Programme for Horizon 2020. With 
the new strategy being released, so does the Bioeconomy Observatory (also known as 
“Bioeconomy Knowledge Centre”) can be updated. New approaches can be studied, from the 
beginning, in order to better understand how the deployment of blockchain in biomass value 
chains can contribute to support this group’s functions. 
As the success of effective data collection systems is entirely dependent on blockchain 
adoption by supply chains, more detailed studies should be carried regarding individual food and 
bio-based supply chains. Although it is understandable that ideal biomass supply chains are 
deeply inter-connected, between food and bio-based products, the integration of blockchain 
should be understood individually at first. As the technology matures and stakeholders recognize 
its intrinsic value, then one may consider to digitally integrate both sectors of the bioeconomy, in 
a regional, national and global perspective. An individual approach in the beginning can also help 
to easily establish cost benefit comparisons between blockchain and other solutions. Research 
shows that rather than completely substitute alternative technologies, blockchain is better used 
when integrated in current systems. Serving a purpose that no other digital technology was 
currently providing. The impact on the need for human resources is significative, since it 
automates most of the interactions between stakeholders. Nonetheless, certification and 
regulatory parties benefit from this since it increases efficiency and effectiveness of processes. 
In addition, blockchain adoption by the stakeholders should be monitored from two 
perspectives. One the one hand, follow the developments in precision agriculture and digital 
supply chains. The adoption of other ICT and compliance with standardized information systems 
will be influential on the acceptance blockchain technology. On the other hand, augmented labels 
and digital certificates will continue to leverage on blockchain technology. This approach should 
also be considered relevant due to the accessibility to further include quantifiable data. Always 
keeping in mind that blockchain’s current position in innovative industries can also be perceived 
as FOMO (fear of missing out). It induces companies to invest resources in something that may 
become a standard, but for the moment its value is unclear. 
To further validate how blockchain can be used in line with bioeconomy goals, meeting the 
needs of food and bio-based supply chains, case studies should be continuously update. In 
addition, DSRM should be applied to develop functional artefacts and promote innovation. Due 
to its specific application, individual and simple cases should be considered. For instances, 
collaboration with S2BIOM can be studied specifically for the usage of blockchain for clearer 
transparency and possible semi-automation of the system and methodologies already in place. 
Concerning the evolution of blockchain in the bioeconomy, and its innovative nature, TIS 
methodology can be further explored. Once surpassed the hype cycle and its market share is 
established, TIS may help understand the development, diffusion and implementation of 
blockchain technology in the bioeconomy system. 
Considering blockchain’s versatility, and the plethora of industries where it is considered to 
be a disruptive technology, it is plausible to consider blockchain’s role in bioeconomy from other 
perspectives, rather than just SCM. The scope of this research includes only biomass supply 
chains from agricultural production. Bioeconomy comprises much more than just agri-products 
and supply chains. Examples from other industries, such as insurance or financial services, can 
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be translated to the bioeconomy and the actors of its system. Policy tools such as the CAP can 
be upgraded and help develop more sustainable models for all the actors involved. 
Blockchain can help define sustainability in bioeconomy and contribute to a more 
sustainable production of biomass from agri-systems, improve food traceability systems and 
increase efficiency of biomass pathways. Eventually even contribute to the understanding of the 
impact of distinct visions on bioeconomy. However, as mentioned by Jeff Bezos in an interview 
(Bishop, 2017), a new approach can only be truly disruptive and show innovation in an industry 
when customer adoption is reached. 
6.4 REFLECTIONS ON THIS RESEARCH 
The outcome of this research satisfies the purpose that was stated in the beginning. The 
exploratory study that was performed has shown enough evidence to conclude that blockchain 
may indeed leverage the development of bioeconomy, in agreement with the European Strategy. 
However, one can recognize that this approach can only reveal a thin layer of a much more 
complex system. The wide range of topics addressed enables the community to have an ‘eagle 
eye’ perspective on the whole scheme. And since there is no exact comprehension on each of 
the interactions and actors within it, this can eventually inspire experts from different fields to 
better understand their role in such narrative. 
Regarding the topic of bioeconomy, to truly identify the relative advantage of blockchain 
solutions, sectorial research would be the most effective option. There are many variables within 
this system, definitely outdated and innovative solutions are being deployed frequently. 
Furthermore, to comprehend the complex value chains that sustain the bioeconomy, it requires 
to have a well-defined scope when studying supply chains and the struggles or benefits in 
adopting digital solutions. The way transparency and trust are perceived among stakeholders is 
clearly represented in the frame of reference. Nonetheless, there is no clear segmentation about 
specific products, both in agri-food and bio-based industries. The same reasoning would apply to 
monitoring strategies and undergoing processes. 
As it comes to the presence of blockchain in this research, it is understandable that 
developing an artefact or planning the architecture of Blockchain as a Service for the bioeconomy, 
would have been a more valuable contribution to the research community and bioeconomy 
stakeholders, at given time. However, the amount of research needed, as well as the 
comprehension on distinct fields of science, create a group of intellectual limitations that limit the 
achievement of this goal. No matter how broad the conclusions of this research might be, R&D 
regarding blockchain solutions is a relatively young field that is rapidly growing. Meaning that any 
type of research, is beneficial. 
The holistic and exploratory nature of this research gives room to a larger margin of error. 
Although it is supported by a thorough literature research, semi-structured interviews, case 
studies and a detailed analysis, there is always a chance of missing out on something remarkable. 
Nevertheless, this methodology was able to capture insights from every group of key players 
involved in biomass value chains – producers, manufactures, retailers, end-consumers, 
certification schemes, monitoring and policy entities. Therefore, one can confidently say that 
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blockchain technology can have an innovative and cross-sectoral impact in bioeconomy, 
compelling individuals and organizations to work together in establishing transparency and 
promoting the sustainable development of the European bioeconomy. 
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1) APPENDIX A 
THE ROOTS OF BIOECONOMY 
In search of better life-styles, public welfare and nations wealth, societies focused their 
actions on the conceptualization of economic growth, being natural resources the main source of 
material to produce utilities. With constant reshaping of economic theories, markets and value-
chains tended to adapt either by implemented policies or free market behaviour (Hall & Klitgaard, 
2012). 
One of the most recent, and still dominating, economic model is the Neoclassic model. 
Being a successor of Classic economics and coming to light in the mid-19th century, this theory 
builds upon the idea of a perpetual motion machine, which is a machine that performs work 
without the input of energy. Neoclassic economists believed that by paying wages and salaries 
for labour and gaining in sales for providing goods and services, the economy would grow in a 
constant rate, allowing on the long-run for the sustainability of wealth (Hall, Linderberger, 
Kummel, Kroeger, & Eichhorn, 2001). Although being more liberal on the distribution of wealth 
through a self-regulating market, neoclassic economics still expects that governments should lead 
the economy with policy and regulation (Hall & Klitgaard, 2012). 
Opposing to the classical idea of value, in which value is attributed according to the process 
of transformation by the action of labour. Neoclassic says that value is subjective. Value is 
determined by human preferences, and these preferences are revealed by what humans chose 
to purchase in the marketplace (Hall & Klitgaard, 2012). This definition might be relevant to 
understand the willingness of a consumer when acquiring certain products and the value 
associated with that product.  
When authors, such as Nicholas Georgescu-Roegen, shifted from a mechanistic 
perspective of economy to an energy flow analogy, the newly developed laws of thermodynamic 
brought up crucial flaws on the neoclassic model (Sousa & Domingos, 2006). The problem with 
the theory of perpetual motion machine, or “circular flow”, is that according to the first law of 
thermodynamics a system cannot generate work without the input of energy (Ehrlich, Ehrlich, & 
Holdren, 1993). The energy conservation law, or first law of thermodynamics, inhibits the creation 
and destruction of energy. Energy or matter, like natural resources, flow through the system 
altering states and levels of entropy. Following the second law of thermodynamics, by considering 
natural resources to be in a low entropy state, after transformation and use by human force, high 
entropy waste is created. The higher the entropy of a product the harder it is to recycle that same 
product (Pearce, 1987). Therefore, an economic system assembled this way would eventually 
malfunction. 
For Georgescu-Roegen, the economic process is unidirectional – what goes 
in is valuable low-entropy energy and matter, and what comes out is valuable 
goods and services plus valueless high-entropy waste heat and degraded matter 
(Cleveland, 1987). 
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Figure - a. The neoclassical view of how economies work. This view represents, 
essentially, a perpetual motion machine. b. Based on a biophysical perspective, the 
minimum changes required to make a. conform to reality are applied. (Adapted from 
Daly 1977). 
With the growth and development of neoclassic economies, the environmental paradigm 
was inevitably identified as the lack of energy or matter throughput (Cavalcanti, 2010). Dismissing 
the use of natural resources and disposal of waste from the “economic equation”, eventually led 
to the recognition of environmental externalities. Mainly associated with exploitation and 
degradation of natural ecosystems (Missemer, 2017). Thus, compromising the desired 
sustainability and justifying the relation between economic growth and thermodynamics. 
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Figure - A more comprehensive and accurate model of how real economic systems work, even 
though minimalistic. Natural energies drive geological, biological, and chemical cycles that produce natural 
resources and public service functions. Extractive sectors use economic energies to exploit natural 
resources and convert them to raw materials. Raw materials are used by manufacturing and other 
intermediate sectors to produce final goods and services. These final goods and services are distributed by 
the commercial sector to final demand. Eventually, non-recycled materials and waste heat return to the 
environment as waste. (Hall et al., 2001) 
To recognize the true boundaries on the growth of an economy, biophysical constrains 
must be applied. On this idea, Herman Daly suggested that the economic system is in fact a sub-
system of the environment and should limit its growth giving the boundaries of the ecosystem 
from where it’s dependent (Figure). From a neoclassic standpoint, environmental economics tried 
to balance the interaction between economy and the environment, managing pollution and 
depletion of resources trough legislation and regulation. Yet, this measures do not address the 
issue in a holistic and multidisciplinary way, because it still considers the environment as an 
interchangeable capital, instead of the axis for all economic development (Cavalcanti, 2010).  
The insights presented by Howard T. Odum, Georgescu-Roegen and Daly, among others, 
contributed immensely to the development of biophysical economics in the 1970’s. Theory that 
can be characterized by a wide range of analysis from diverse fields who use basic ecological 
and thermodynamic principles to study the economic process. Hence securing the biophysical 
constrains issue. Both neoclassical and Marxist economists rejected this model, on the basis that 
it underestimates the ability of human ideas, manifested in new technologies, to offset changes 
in the environment (Cleveland, 1987).   
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On an attempt to guide the way for sustainable development, in the late 1970’s Georgescu-
Roegen formulated a “bioeconomic programme”.  Still based on the principles of biophysical 
economics, it consists of three sets of measures regarding technology, public policy and ethics 
(Missemer, 2017). The first set, aims to achieve better ecological and viable solutions of matter-
energy use across all human activities, such as food production. The second range, stresses the 
need for public expenditures to be allocated to useful fields and public regulations to guarantee 
the durability of commodities and good use of resources. Finally, Georgescu-Roegen encourages 
an ethical change based on sobriety and a search for “the enjoyment of life”, rather than 
permanent productivity gains. Grounding his belief that the true outcome of the economic process 
is not a physical flow of waste heat, but instead “the enjoyment of life” by all members of society 
(Cleveland, 1987). 
The research developed around biophysical economics, the bioeconomics of Georgescu-
Roegen and the findings on environmental economics, came as the foundation for ecologic 
economics (Pearce, 1987; Spash, 2012). Ecological economics integrates elements of 
economics, ecology, thermodynamics, ethics, and natural and social sciences to provide an 
holistic and biophysical perspective on environment-economy interactions (Bergh, 2000). The 
argument of a local and global system that sets a biophysical limit to the growth of the economy, 
is also represented in ecological economics and easily interrelates with the theories presented 
before. 
Table - Differences in emphasis between Ecological Economics and Environmental 
Economics (Bergh, 2000). 
 
Environmental economics attempts to diminish the externalities caused by a neoclassic 
economy, searching for efficiency of processes and evaluation by monetary indicators. Whereas 
ecological economics presents a new perspective on economic growth that doesn’t necessarily 
compromises ecological functions, and focuses on physical and biological indicators (Bergh, 
2000). It works in synergy with the natural system, empowers communities and strengths policies 
(Bouwma et al., 2016). Corroborating with Georgescu’s original concept. 
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One approach that has gained a lot of attention since the beginning of the 21st century is 
the idea of ecosystem services (Bouwma et al., 2016). Endorsing very vividly the biophysical 
characteristics of the natural systems (Burkhard, Kandziora, Hou, & Müller, 2014; Potschin & 
Haines-Young, 2011). 
EXTERNALITIES AND GREEN GROWTH 
The disregard of ecological economics by mainstream economy, made environmental 
economics the main tool to address environmental concerns. However, attaining proper price tags 
to reflect the relative scarcity of natural resources and assets, revealed not to be such a fruitful 
plan. The lack of interdisciplinarity showed that the understanding of environmental problems and 
the ability to solve them was ineffective. Society is still dealing with environmental threats, most 
of them anthropogenic, echoing into social, economic and political challenges (Beder, 2011). 
Within the coming decades, it is projected for human population to reach 9 billion people. 
Considering the increase in income, mainly in developing countries, we will face a challenge to 
provide our economy with sufficient energy-matter to guarantee our modern standard of living 
(Hook et al., 2010). The distribution of wealth will increase demand for consumables such as food, 
fuels and materials in depletion of finite resources. From an environment that is already facing 
increasing pressures and the effects of climate change (Mathijs et al., 2015). 
Either renewable or non-renewable, natural resources are being used and disposed at an 
increasing speed in an unsustainable way, and the resulting carbon dioxide emissions 
contributing to current global climate change. Aside from that, dependency on fossil fuels reserves 
keep fuelling international political and economic conflicts, mainly because of its unequal 
distribution over the globe (O’Lear, 2004).  
Sustainability concerns then extend to land use and water resources, for instance the 
decline of soil fertility, introduction of pesticides and antibiotics in the biosphere, diminish of 
biodiversity, exhaustion of fish stocks and oceans pollution. Aside from environmental, there’s still 
social concerns like child labour our extreme poverty that reflect on the true meaning of the 
desired sustainability. All of the presented arguments, and more, are evidenced in the Millennium 
Development Goals, as obstacles of sustainability to overcome (Hoeven & Reinshagen, 2013). 
The notion of societal challenges as increased in last decade and became a central issue in 
policymaking (Bugge et al., 2016). 
In a European context, the Lund Declaration stressed the urgency to address issues from 
different fields such as climate change, food security, health, industrial restructuring and energy 
security (Lund, 2009). A common factor among these grand challenges is that they are persistent 
problems with global implications, open-ended and highly complex. There is much uncertainty in 
terms of how they should be addressed and solved, since a partial solution may result in further 
problems in the future due to feedback effects (Bugge et al., 2016). The interconnection between 
the different problems, makes it more likely for an action on a certain issue to have unexpected 
side effects on existing or emerging challenges. 
These different concerns have led to an increasing focus on alternative renewable and 
sustainable resources such as solar, wind, geothermal, hydroelectric, and wave energy. Although 
none of the developed technologies can solely fulfil our current energy needs, an integrated 
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approach combined with a general concern for energy saving and improved energy- efficient 
technologies can definitely shift our conventional way of living toward sustainability (Lund, 2007). 
(Vanholme et al., 2013) 
On the light of such events, green growth and green economy became themes stressed 
on international and national strategies. With the intention of reducing fossil fuels dependency 
and avoid environmental externalities, several public funds were allocated to research centres 
(Scarlat, Dallemand, Monforti-Ferrario, & Nita, 2015). 
ORIGIN OF THE CURRENT BIOECONOMY 
Consequently, the transition from a fossil-based economy to a more sustainable paradigm 
has been endorsed by innovative strategies and policies in the past two decades (Sillanpää & 
Ncibi, 2017). On the premise that bio-based and renewable resources are more sustainable, part 
of the research revolved around biological resources and biotechnology, resulting bio-based 
processes and products (Richardson, 2012). Alternative and exploratory sources of energy, 
innovations in green chemistry and life sciences, and more sustainable materials led to the use 
of terms like knowledge-based bioeconomy, bio-based economy, or simply bioeconomy 
(Golembiewski et al., 2015). 
Since its inception, the broader and most accepted definition perceives this biological 
based economy as the productive (economic) uses of biomass and biomass conversions (Staffas 
et al., 2013). Other definitions focus on the nomenclature, ‘bio’ and ‘economy’, implying the 
concept meaning as the opportunity to reconcile economic growth with environmentally 
responsible action (McCormick & Kautto, 2013). Which relates with environmental economics and 
ecologic economics, presented before. 
 
 
 
 
131 
2) APPENDIX B 
GLOSSARY OF TERMS AND DEFINITIONS 
Bio-based: Derived from biomass (CEN/TC 411 2014). Note 1 to entry: Biomass can have 
undergone physical, chemical or biological treatment(s). Note 2 to entry: The correct spelling of 
"bio- based" is with a hyphen (-). It is however in common usage sometimes spelt without a 
hyphen. Note 3 to entry: The methods to determine and communicate "bio-based" as a 
characteristic are detailed in specific standards of CEN/TC 411. 
Bio-based content / Biomass content: Fraction of a product derived from biomass 
(CEN/TC 411 2014). Note 1 to entry: Normally expressed as a percentage of the total mass of 
the product. Note 2 to entry: For the methodology to determine the bio-based content, see 
FprCEN/TR 16721. 
Bio-based product: Product wholly or partly derived from biomass (CEN/TC 411 2014) 
Note 1 to entry: The bio- based product is normally characterised by the bio-based carbon content 
or the bio-based content. For the determination and declaration of the bio-based content and the 
bio-based carbon content, see the relevant standards of CEN/TC 411. Note 2 to entry: Product 
can be an intermediate, material, semi finished or final product. Note 3 to entry: "bio-based 
product" is often used to refer to a product which is partly bio-based. In those cases, the claim 
should be accompanied by a quantification of the bio-based content. 
Biomass: Material of biological origin excluding material embedded in geological 
formations and/or fossilized. (CEN/TC 411 2014). Examples: (whole or parts of) plants, trees, 
algae, marine organisms, micro-organisms, animals, etc. 
Biorefining: Biorefining is the sustainable processing of biomass into a spectrum of 
marketable products and energy. (International Energy Agency Bioenergy Task 42)  
Biotechnology: The application of science and technology to living organisms, as well as 
parts, products and models thereof, to alter living or non-living materials for the production of 
knowledge, goods and services. (OECD 2012; Eurostat Glossary) 
By-product: An incidental product deriving from a manufacturing process or chemical 
reaction, and not the primary product or service being produced. A by-product can be useful and 
marketable, or it can have negative ecological consequences. (U.S. Environmental Protection 
Agency, 2015).  
Source: Bioeconomy Observatory (https://biobs.jrc.ec.europa.eu/glossary/b) 
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3) APPENDIX C 
ICT IN AGRICULTURE 
The facets of farming have been modernized with the help of several technological 
advancements. In the last few years of the 20th century, farmers witnessed the launch of satellites 
and utilized this technology for better tracking and planning. From there, in the early 2000s, like 
everyone else, they started using cell phones for data access and easier communication. Come 
today, farmers are deploying voluminous amounts of data created by billions of interconnected 
devices to revamp their agronomic models and get an overall understanding of their farms. This 
way, big data in agriculture can pave the way for making informed decisions and converting 
ordinary harvests into bumper crops and profits. 
Environmental monitoring, for example, can be accomplished with broadband network 
infrastructure, wireless technologies, and mobile devices. Spatiotemporal integration of 
geographic information systems (GIS), remote sensing (RS), and global positioning systems 
(GPS) can be used for site-specific monitoring data related to environmental planning and 
management decision-making (Lin et al., 2017). 
 
 
The integration of big data in agriculture helps to solve some of the biggest challenges that 
farmers face, like unavoidable inefficiency during planting and harvesting, unforeseen climate 
changes, and lack of adequate mechanization. Big data can put an end to most of these problems 
by detecting and analysing critical issues, using all the data available, and helping farmers make 
more informed decisions. Such decisions could include deciding the best seed variety or the most 
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effective agronomic practices or which market opportunities to chase for ensuring maximum 
productivity. 
The automatic increase in information storage and seamless processing and analysing, 
were difficult to achieve earlier due to technological limitations. Big data has paved the way for 
precision in agricultural techniques. Precision agriculture uses GPS technology and enables a 
farmer or researcher to locate their vehicular positions on the field, measure fluctuations in factors 
like nutrients, irrigation, fertilizer inputs, nitrogen, moisture levels, and topography. Through 
satellites and UAV imagery, one can make better soil, water, and crop management decisions 
and consequently minimize inputs and maximize yield. Some of the benefits of merging 
technology with precision agriculture are listed below: 
• Analysing soil types and fertility levels, to predict which seeds and fertilizers to use, with 
the help of sensors on fields and devices installed in machines. 
• Predicting climate conditions and enabling apt weather forecasting by satellites and 
devices on aerial and ground levels. 
• Analysing the crop and preventing spoilage and potential diseases by providing 
accurate information via unmanned aerial vehicles, like drones. 
• Monitoring and evaluating supply chains via RFID tracking systems. 
• Increasing crop yield and optimizing resource use by integrating information like 
weather conditions, soil types, and market opportunities. 
Increasing automation is reducing contamination risks in the field and throughout the supply 
chain, as standardized protocols in packaging and processing facilities incorporate sensors and 
mechanization technologies. One of the benefits of these measures is easier handling of safety-
related paperwork to document steps taken to assure food safety, using apps that incorporate 
cloud technology along with GPS and sensor-derived tracking of products from field to consumer 
(Armbruster & Macdonell, 2017).  
Automation innovations continue to be developed in academic research settings and by an 
increasing number of private companies, often working with large-scale farming operations intent 
on maintaining product integrity and increasing efficiency of resource use. Just as in other 
segments of the economy, early adopters will lead to improved systems and reduced costs as 
more demand develops, and competition will drive costs lower making the technology also 
available to smaller operations that serve food demands at the local level (Armbruster & 
Macdonell, 2017). 
Yet, farming currently has the lowest ICT intensity of all economic sectors even though 
farming is nationally, both capital and technology intensive. Just as ICTs have contributed to 
socio-economic growth in business sectors, improved agricultural efficiencies for farming 
communities to achieve food and job security has been demonstrated when ICT-enabled farms 
have access to knowledge banks and other digital resources (Lin et al., 2017). 
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4) APPENDIX D 
BIOECONOMY & THE 5 SOCIETAL CHALLENGES 
(1) Ensuring food security: Global population growth by 2050 is estimated to lead to a 70% 
increase in food demand, which includes a projected twofold increase in world meat 
consumption. The Bioeconomy Strategy contributes to a global approach in meeting this 
challenge by developing the knowledge-base for a sustainable increase in primary 
production, taking into account all options from cutting-edge science to local and tacit 
knowledge. It also encourages changes in production and consumption patterns and the 
development of healthier and more sustainable diets (European Commission, 2012). 
(2) Managing natural resources sustainably: Agriculture, forestry, fisheries and aquaculture 
require several essential and limited resources to produce biomass. These include land, 
sea space, fertile and functioning soils, water and healthy ecosystems, but also resources 
such as minerals and energy for the production of fertilisers. Their use also involves 
significant opportunity costs linked to the depletion or loss of ecosystem services 
(European Commission, 2012).  
Competition between land use is an important area of discussion, which often revolves 
around the issue of direct competition of the use of biomass for food or non-food 
applications (Wesseler & Drabik, 2016). However, the debate on ensuring food security is 
based on arable land availability rather than crop use (Carus, 2012). The reasoning behind 
this argument implies that all kinds of biomass should be accepted for industrial purposes, 
especially food crops. Food crops are more land efficient than non-food crops and more 
importantly, in times of crisis they can be reallocated to ensure food supply. This is not 
possible with non-food crops that only have the function as an industrial input (McCormick 
& Kautto, 2013).  
The import of biomass from outside of Europe is also discussed as an important source of 
input. Cheap imported biomass will play a crucial part of the bioeconomy. The presence of 
significant ports in Europe means that the infrastructure and logistics already exist for the 
movement of large amounts of biomass. Germany already imports large amounts of 
biomass for various uses, however ensuring the sustainability of these imports is 
paramount. The national and industrial strategies state that there is a need for the creation 
of international standards and certification to ensure that imported biomass is sustainable 
(McCormick & Kautto, 2013). 
(3) Reducing dependence on non-renewable resources: The European economy relies 
heavily on fossil resources as carbon and energy sources, making it vulnerable to insecure 
and dwindling supplies and market volatility. To remain competitive, the EU needs to 
become a low carbon society where resource efficient industries, bio-based products and 
bioenergy all contribute to green growth and competitiveness, as well as fostering research 
towards the production of new renewable resources without increasing competition for 
resources is part of the bioeconomy strategy (European Commission, 2012). This outcome 
will be based on a radical redesign of production processes and products, as well as on 
patterns of consumption. It should not be forgotten that other, non-bio-based renewable 
energy sources are also part of the solution (solar, wind, water and other renewables 
135 
energies in combination with CO2 utilisation as storage and carbon feedstock for chemical 
industry) (Mathijs et al., 2015). 
(4) Mitigating and adapting to climate change: The Bioeconomy Strategy supports the 
development of production systems with reduced greenhouse gases (GHG) emissions, 
adapted to and mitigating the adverse impacts of climate change, such as droughts and 
floods. This includes increased carbon sequestration in agricultural soils, sea beds and the 
appropriate enhancement of forest resources. The Strategy also promotes the substitution 
of carbon, energy and water intensive production processes by more resource efficient and 
environmentally friendly ones wherever possible. The partial replacement of non-
renewable products by more sustainable bio-based ones should be pursued (European 
Commission, 2012).  
There is a strong consensus over the range of mitigation options in the primary sectors, 
both supply-side (i.e., by reducing GHG emissions per unit of land/animal, or per unit of 
product), and demand-side (e.g., by changing demand for food and feed products and 
reducing waste). Contribution to adaptation in the primary sector, provide innovative crop 
management systems and improved varieties. In the secondary sector, it can create the 
premises for no-waste production systems, based on ‘reuse and recycle’ principles (Mathijs 
et al., 2015). 
(5) Creating jobs and maintaining European competitiveness: The EU’s bioeconomy 
sectors are worth € 2.2 trillion in annual turnover and account for more than 18 million jobs. 
This means that the bioeconomy represents around 9 % of all sectors of the economy with 
regards to employment as well as to turnover (Ronzon et al., 2017). However, in order to 
remain competitive and maintain jobs in the light of major societal challenges and rising 
markets in the developing world, the European bioeconomy sectors need to innovate and 
further diversify (European Commission, 2012). Significant growth is expected to arise from 
sustainable primary production, food processing and industrial biotechnology and 
biorefineries, which lead to new bio-based industries, transform existing ones, and open 
new markets for bio-based products (Tahvanainen, Adriaens, & Assanis, 2016).  
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5) APPENDIX E 
EU POLICY STRATEGIES RELEVANT FOR THE BIOECONOMY (Ronzon et al., 2017) 
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6) APPENDIX F 
TECHNOLOGIES FOR SUPPLY CHAIN TRACEABILITY SYSTEMS 
 
(Aung & Chang, 2014) 
 
EID - electronic identification, GIS - geographic information systems, RS - remote sensing, GPS - global positioning 
system, EQM - enterprise quality management, EID - electronic data interchange, EXL - extensible markup language 
(Bosona & Gebresenbet, 2013) 
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7) APPENDIX G 
BIO-BASED PRODUCTS VALUE CHAIN & SCHEME OF A LARGE BIOREFINERY COMBINING MULTIPLE 
PLATFORMS 
 
(BBI-JU, 2018) 
 
(Budzianowski & Postawa, 2016) 
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8) APPENDIX H 
SUMMARY OF THE CHALLENGES ASSOCIATED WITH BIOMASS SUPPLY CHAIN OPERATIONS 
 
 (Gold & Seuring, 2011). 
 
 
(Mafakheri & Nasiri, 2014) 
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9) APPENDIX I 
KEY GAPS AND RESEARCH NEEDS FOR A SYSTEMIC MONITORING OF THE BIOECONOMY 
 
(O’Brien et al., 2017) 
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10) APPENDIX J 
HOW TO GET CONSENSUS ON A BLOCKCHAIN 
Consensus function is a mechanism that make all blockchain nodes have agreement in 
same message, can make sure the latest block have been added to the chain correctly, guarantee 
the message that stored by node was the same one and won’t happened “fork attack”, even can 
protect from malicious attacks. 
Proof of Work (PoW) 
A proof of work is a piece of data which is difficult (costly or time-consuming) to produce 
but easy for others to verify and which satisfies certain requirements. Producing a proof of work 
can be a random process with low probability so that a lot of trial and error is required on average 
before a valid proof of work is generated. When calculating PoW, it’s called “mining”. Each block 
has a random value called “Nonce” in block header, by changing this nonce value, PoW have to 
generate a value that makes this block header hash value less than a “Difficulty Target” which 
has already been set up. Difficulty means how much time it will take when the node calculating 
hash value less than target value. In order for a block to be accepted by network participants, 
miners must complete a proof of work which covers all of the data in the block. The difficulty of 
this work is adjusted so as to limit the rate at which new blocks can be generated by the network 
to one every 10 minutes. Due to the very low probability of successful generation, this makes it 
unpredictable which worker computer in the network will be able to generate the next block. 
Proof of Stake (PoS) 
Because Proof of Work method will cause a lot of electricity power and computing power 
be wasted, Proof of Stake doesn’t need expensive computing power. With Proof of Stake, the 
resource that’s compared is the amount of Bitcoin a miner holds - someone holding 1% of the 
Bitcoin can mine 1% of the “Proof of Stake blocks”. A Proof of Stake method might provide 
increased protection from a malicious attack on the network. Additional protection comes from 
two sources: 
1) Executing an attack would be much more expensive. 
2) Reduced incentives for attack. The attacker would need to own a near majority of all 
bitcoin. Therefore, the attacker suffers severely from his own attack. 
(Lin & Liao, 2017) 
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11) APPENDIX K 
HOW BLOCKCHAIN WORKS 
 
 
Available at: https://steemkr.com/blockchain/@akshaybaba94/blockchain-transparent-and-incorruptible 
(2017) 
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12) APPENDIX L 
BITCOIN 
Blockchain technology was first used when the Bitcoin cryptocurrency was introduced. To 
this day, Bitcoin is still the most commonly used application using Blockchain technology. Bitcoin 
is a decentralized digital currency payment system that consists of a public transaction ledger 
called Blockchain. The essential feature of Bitcoin is the maintainability of the value of the 
currency without any organization or governmental administration in control. The number of 
transfers and users in the Bitcoin network is constantly increasing. In addition, the conversions 
with traditional currencies, e.g. EUR and USD, occur constantly in currency exchange markets. 
Bitcoin has therefore gained the attention of various communities and is currently the most 
successful digital currency using Blockchain technology. 
Bitcoin uses the public key infrastructure (PKI) mechanism]. In PKI, the user has one pair 
of public and private keys. The public key is used in the address of the user Bitcoin wallet, and 
the private key is for the authentication of the user. The transaction of Bitcoin consists of the 
public key of the sender, multiple public keys of the receiver, and the value transferred. In about 
ten minutes, the transaction will be written in a block. This new block is then linked to a previously 
written block. All blocks, including information about every transaction made, are stored in the 
disk storage of the users, called nodes. All the nodes store information about all recorded 
transactions of the Bitcoin network and check the correctness of each new transaction made by 
using previous blocks. The nodes are rewarded by checking the correctness of transactions. This 
method is called mining, and it is confirmed with Proof-of-Work, which is one of the main concepts 
of Blockchain technology. When all transactions are successfully confirmed, a consensus exists 
between all the nodes. The new blocks are linked to previous blocks and all the blocks are aligned 
in one continuous chain. This chain of blocks is the public ledger technique of Bitcoin, called 
Blockchain. 
(Yli-Huumo et al., 2016) 
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13) APPENDIX M 
EVALUATION TOOL TO DETERMINE BLOCKCHAIN SUITABILITY FOR TECHNICAL AND SOCIAL 
REQUIREMENTS OF ICT E-AGRICULTURE SYSTEMS. 
Lin et. al (2017) proposed a tool that can be used by experts to determine if there is a need 
for blockchain technology, in spite of its limitations, and with respect to agricultural environmental 
data management. Experts can quickly make a dual assessment such that if a need for a bridging 
mechanism of potential gaps in IT infrastructure exist, blockchain technology is recommended as 
an enabling environment for ICT in agriculture. Namely, to determine if centralized databases are 
sufficient for their technical requirements. Similarly, if gaps in knowledge flows among cross-
sectoral stakeholders exist and potential systemic-wide bias and/or opaqueness in national 
processes and agricultural environmental data management persist, blockchain technology is 
recommended. Then, it also assists experts to decide if trust in a centralized system is suitable 
for their social requirements in the context of agricultural environmental data management.  
 
(Y.-P. Lin et al., 2017) 
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14) APPENDIX N 
PROVENANCE TUNA CASE STUDY (Provenance, 2016) 
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